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@ Compounds of formula

:

R30 HN

(I)

oo
o
CM

Qm
LU

znd pharmaceutically acceptable salts thereof,

wherein
^ ^ ^ ^ optionally substituted with one cr more fiuoro substitu'ents : or. CrCs

cycloaikyl ; R2
is H, or d-Qr alkyl optionally susbtituted with one or more .fluoro subtituents or wth l^Uj

cydoafcy! ; R3
is C<-C* alkyl optionally substituted with one or more fiuoro substituents or with

SSodvl CrC5 cpM: CVCe alkenyl; or C3-C6 alkynyl; R4
is <VC. alkyl ?Jf"^«^^

with OH. NR5Re
, CN. CONR5R* or COjR7 ; CrC4 alkenyl 'optionally, substituted with CN. CONR R or

C02R'; 0,-C, alkanoyl optionally substituted with NR*R*; hydroxy^J^P^LJ^^ff.
with NRW; (CVC3 alkoxyJC-C* alkyl optionally substituted with OH or NR5R6

;
CONR R

.
C^R

halo; NR5R6 ;^HS02NR5R6 ; NHSOjR9
; or phenyl or helerocydtf either of which^ a

»
og»nJly

substituted .with methyl;' R5 and R« are each independently H or C t
-C4 or together with the

nitrogen atom to which they are attached from a pyrrolidine
.

pipendino, ^orpnouno «-

(NR*)-rriperazirry1 or imidazoyi group wherein said group is optionally suostiruteo wilh nudiyi c,

hydro* ; R7
is H or CrC4 alkyl ; R8

is C,-C3 alkyl optionally substituted with NR5R8
;^ ;

and R9 is H ; 0,-Cs alkyl optionaliy substituted with phenyl ; hydroxy Cy-Ca fWj or Crc< alKanoyi

.

are selective cGMP PDE inhibitors useful. in the treatment of cardiovascular disorders such as angina,

hypertension, heart failure and atherosclerosis.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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The invention relates to a series of pyrazoiG[4,3-d|-pyrimidin-7-ones. which are potent and selective inhib-

itors of cyclic guanosine 3\5'-monophosphate phosphodiesterase (cGMP PDE), having utility in a variety of

therapeut;c areas including the treatment of various cardiovascular disorders such as angina, hypertension,

heart failure and atherosclerosis.

5 The compounds of the invention exhibit selectivity for inhibition of cGMP PDEs rather than cyclic adenosine

3\5'-monophosphate phosphodiesterases (cAMP PDE*:) and, as a consequence of this selective PDE inhibi-

tion, cGMP levels are elevated, which in turn can give rise to beneficial anti-platelet, anti-neutrcphil, anti-

vasospastic and vasodilator/ activity, as well as potentiation of the effects of endothelium-derived relaxing fac-

tor (EDRF) and nitrovasi. .'ilators. Thus the compounds have utility in the treatment of a number of disorders,

10 including stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary hypertension, congestive

heart failure, atherosclerosis, conditions of reduced blood vessel patency e.g. post-percutaneous transluminal

coronary angioplasty (post-PTCA), peripheral vascular disease, stroke, bronchitis, chronic asthma, allergic

asthma, allergic rhinitis, glaucoma, and diseases characterised by disorders of gut motility, e.g. irritable bowel

syndrome (IBS). •

'

15 European patent application EP-A-02011S8 discloses certain pyrazolo[4,3-d]pyrimidin-7-ones as adeno-

sine receptor antagonists and PDE inhibitors, useful in the treatment of cardiovascular disorders such as heart

failure or cardiac insufficiency. However these compounds are neither particularly potent PDE inhibitors, nor

are they reported to be selective inhibitors of cGMP PDE.

The compounds of the present invention have the formula (!):

25

20

wherein

R 1 is H; CtC3 alkyi optionally substituted with one or more fiuoro substituents; or C3-C 5 cycloalkyl;

R2 is H, or CVC5 alkyl optionally substituted with one or more fiuoro substituents or with C3-C6 cycloalkyl;

35 R3 is C^Co alkyl optionally substituted with one or more fiuoro substituents or with C 3-C6 cycloalkyl; C 3
-

G 5 cycloaifcyi; C3-G 6 alkenyl; or C3-C 6 alkynyl;

R4
is CrC4 alkyl optionally substituted with CH, NR5R6

. CN, CONR.5R6 or C0 2R7
;
CrC A alkenyl optionally

substituted with CN, CONRsR6 or C02R
7

;
C2-C4 alkanoyl optionally substituted with NR5R6

;
hydroxy C 2-C4 alkyl

optionally substituted with NR5R5
; (C2-C3 alkoxy)CrC2 alkyl optionally substituted with OH or NR5R6

;
CONR5R6

;

40 C02R7
;
halo; NR5R6

; NHS02NR £R5
; r-4HS02R8

; or phenyl or heterocyclyl either of which is optionally substituted

with methyl;

R5 and R6 are each independently H or C^C* alkyl, or together with the nitrogen atom to which they are

attached form a pyrrolidinyi. piperidino, morpholino, 4-(NR9)oiperazinyl or imidazolyl grouo wherein said qrouo

is optionally substituted with methyl or hydroxys

45 R7 is H or C t-C4 aikyl;

R8 is C a-C3 aikyl optionally substituted with NR5Rfl
;

and

R9 is H; CrC3 alkyl optionally substituted with phenyl; hydroxy C2-C, alkyl; or CrCx alkanoyl;

and ph3rmaceutically acceptable salts thereof.

so in the above definition, unless otherwise indicated, alkyl groups having three or more carbon atoms may

be straight or branched chain. In addition alkenyl or alkynyl groups having four or more carbon atoms, or alkoxy

groups having three carbon atoms, may be straight or branched chain. Halo-means fiuoro, chloro. bromo or

iodo, whilst heterocyclyl is selected from thienyl, pyridyi, pyrazolyl, imidazolyl, triazolyl, cxazolyl, thiazclyl or

pyrimidinyi. *

55 • The compounds of formula (I) may contain one or more asymmetric centres and thus they can exist as

enantiomers cr diaslereoiscmers. Furthermore certain compounds of formula (I) which contain alkenyl groups

may exist as cts- or trans-isomers. In each instance, the invention includes both mixtures and separate indi-

. vidual isomers. .

2
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The compounds of formula (I) may also exist in tautomeric forms and the invention includes both mixtures

and separate individual tautomers.
. ,

•

Also included in Ihe invention are radiolabeled derivatives of compounds of formula (I) which arc su.table

for bioloqical studies.

Tr,rpharmacSutica!ly acceptable salts of the compounds of formula (I) which conta.n a bas.c centre are

acid addition salts formed -ith pharmaceutically acceptable acids. Examples include the hydrochloride, hy-

drobromide. sulphate or bisulphate, phosphate or hydrogen phosphate, acetate, berzoate, succnate tun*.

ate maleate. lactate, citrate, tartrate, gluconate, methanesulphona.e. benzenesulphonate and p-to uenesul-

phonate salts. Compounds of the formula (I) can also provide pharmaceutically acceptable metal salts, in par-

ticular alkali metal salts, with bases. Examples include the sodium and potassium salts

A preferred group of compounds of formula (I) is that wherein R< is H. methyl or ethyl; R» is C-Cj =lky .

R3 is C2-C3 alky!; R* It C,-C alfcyl optionally substituted with OH, NR5R6
.
CONR»R« or CO*': acetyl opuonally

substituted wit£ NR5Re
;
hydroxyethyl subsKtuted with NR*R«; o^g^^^™«

NRW CH=CHCN; CH-CHCONR*R«; CH=CHC02R'; C0 2H; CONRW; Br; NR*R°; NHSQjNRW. NHS0 2R».

or pyridy. or imidazo.y. either of which is optionally substituted with methyl; R* and R« are each •ndepend.n^

H mSthyl or ethyl, or together with the nitrogen-atom to which they are attached form a p.pend.np morphol.no.

MnS -1-oiperaziny. o! imidazolyl group wherein said group is optionally substituted with math* or hy^oxy;

RM. H or t-butyl; R« is methyl or CH2CH 2CH 2NR^; and R» is H. methyl, benzy 2-hydroxye.hyl or Ketyl.

A particularly preferred group of compounds of formula (I) is that

is ethyl or n-propyl; R< is OH2NRSR<. CH2OCH 2CH 2NRW.^^^HfC^^:^^^
CH(OH)CH-NRW. CH=CHCON(CH 3 ) 2 . CH=CHC0 2R'. C02H, CONRW. Br. NHS02NR-R\ NHS0 2CK2

CH CH NRW. 2-pyridyl. 1-imidazeiyl or 1-methyl-2-imidazolyl; R* and Pfi together with the nrtrogen a.om to

which they are attached form a pip^
1-imidazoyi group; R7 is H or t-butyl; and R5 is H. methyl, benzyl. 2-hydroxyethyl or acetyl.

Especially preferred individual compounds of the invention include:

"
lr>etLy-5K1-rnethvl-2-imid^^^^^

din"7

T[lethoxy-5-(4-m9hyl-1-piPerazinylcarbony!)phenyl]0-methyl-3-n-pro P
yl-1,6-di^

2-d]pvr^idi^^

andfH5-morphoLacetyl^^
C 'n

"

Depending on the nature of R*. the compounds of formula (I) may be prepared by a variety of methods

from a compound of formula (II)

:

wherein R\ R2 and R3 are as previously defined. For example, when R< is^^^'^^^S^
is obtainable by conventional Friedel-Crafts acylation whereby (II) is reacted with about a 2-io.d excess of an

acyl halide of formula (C,-C3 alkyi)COY. wherein Y is halo, preferab.y chloro or bromo. in

a 3-fold excess of a Lewis acid such as aluminium chloride or aluminium brom.de. ma su, able

dichloromethane.atfromaboutO'Ctotherefluxtempe^

substituted with NR5R6
. wherein R* and R» are as previously defined, the product >s obtained jom (II

I

yja
t

the

intermediacy of the corresponding haloketone. i.e. a compound of formula (I) wherem R * CO £-C, - ky-

.ene)X and X is halo, preferably chloro or bromo. by reaction of the approbate haloketone ^te »qu«d

crnine of formula RSR*NH in the presence of at .east one equivalent of base to scavenge the liberated acid£y

product (HX). in . suitable solvent e.g. acetoniuile. at about room temperature. The base my

salt such as anhydrous potassium carbonate, a tertiary amine such as tr.ethylamme. or exc s re

^
a^e

in cases therein either R* or R* is H. it may be advantageous to use a protected am.ne of formula R NHP or
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s
ill

m
mm

i
•He3

pd

a

15

2u

30

R&NHP wherein P is a compatible protecting group, e.g. benzyl which can be subsequently removed by catalytic

hydrogenation. When both R5 and R 6 are H. an ammonia equivalent of formula P' 2NH, wherein P' is a protecting

group such as t-butoxycarbonyl, may be beneficially employed, in this esse, the potassium salt of the non-basic

aminating reagent is used for reaction with the haloketone; deprotection is effected by acidolysis using, for ex-

ample, hydrogen chloride, which allows convenient isolation of the desired aminoketone as its hydrochloric salt.

The intermediate haio': stone is also obtained via Friedel-Crafis chemistry, as described above, in this case

between (II) and the appropriate haloacy! halide of formula X(C rC3 a!kylene)COY, wherein X and Y are as pre
:

viously defined.

The above ketones of general formula (IA):

((A)

R10(C
1
-C3 alkylener O

wherein R'° is either H or NR5R5
. and R 1

,
R2

,
R3

, R5 and R5 are as previously defined, may be reduced to provide

trie corresponding alcohol derivatives of genera! formula (IB)

:

35 R ,0(C,-C3 alkylar.e)

(IB)

i
n
1
M

F:1.

Sr.:

< -i

OH

40

45

wherein R 1
. R2

, R3 and R10 are as previously defined. The reducing agent is preferably sodium borohydride

and the reaction may be conducted in a suitable soivent, e.g. ethanol, at about room temperature.

A compound of formula (I) wherein R* is hydroxymethyl and R\ R: and R3 are as previously defined may

be prepared by subjecting a compound of formula (II) to standard chioromethyiaiion conditions, e.g. uaidfor-

maidehyde and concentrated hydrochloric acid, at from about room temperature to about 120°C, to provide

the intermediate chloromethyl derivative of formula (Ml), which is then treated with an alkali metal hydroxide,

e.g. sodium hydroxide or potassium hydroxide, in a suitable solvent such as an ethylene giycol-dimethy! sulph-

oxide mixture at from about room temperature to atout 100°C.

Pi

50

55

(ill)

4
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The above chlcromethyl derivatives (ill), wherein R\ R2 and R3 are as previously defined, are valuable

intermediates in the synthesis of further compounds of formula (I). For example, treatment of (III) with C2- or

C>- aikancl in the presence of about one equivalent of an alkali metal, preferably sodium, at about room tem-

perature, affords the corresponding C^- or C 3-alkoxymethyl derivatives respectively. Similarly, when a (V or

5 Crdicl is employed, the analogous hydroxy (CV or C3-alkoxy)methyl compounds are obtained. The latter may

be further transformed by -ctrvation of the terminal hydroxy group, e.g. by conventional mesylation using about

a 10% excess of mesyt ch. jride, in pyridine as solvent, at from about 0CC to about room temperature, followed'

by reaction cf the mesylate with, for example, an amine of formula R5R5NH. Preferably the reaction is conducted

with up to a 5-fold excess of amine in a suitable solvent, e.g. acetonitrile, at the reflux temperature of the reaction

10 medium. As discussed above, when either R5 or R6
is H or both are H, an amine protection-deprotection strategy

may be profitably employed. Thus are provided compounds of formula (I) wherein R4 is (CrC3)alkoxymethy1

optionally substituted with either OH or NR5RG
, and R\ Rs R3

, R5 and R6 are as previously defined.

The higher homologues of the above compounds, i.e. those compounds of formula (1) wherein R4
is (Cr

C 3)a!koxyethyi optionally substituted with either OH or NR5R6
, may be synthesised by similar procedures from

15 the 2-chloroethyl, 2-bromoethyl or 2-mesyioxyethyl analogues of (III) which, in turn, are derivable from the cor-

responding 2-hydroxyethyl precursor by standard procedures. This precursor may be prepared for example

from a compound of formula (1). wherein RA
is bromo and R\ R2 and R3 are as previously defined (f^mula

(IV)). by lithium-bromine exchange using n-butyllithium. followed by reaction of the aryllithium intermediate

(vide infra) with ethylene oxide.

30

U H

(IV)

The chioromethyl intermediates of formula' (III) may also be used for the preparation of compounds of for-

mula (1), wherein R- is CH 2NR5R5 and P.\- R2
, R3

, R 5 and R6 are as previously defined, by reaction with the

appropriate amine of formula R5R£NH (or protected version thereof - vide supra). Preferably the reaction is car-

35 ried out with about a 3-fold excess of amine in a suitable solvent, e.g. 2-butanone. ot from about 0
CC to the

reflux temperature of the reaction medium. By analogy, compounds of formula (I) wherein R* is (C-rC4 alky-

Iene)NR 5R5 may be conveniently obtained from the appropriate chloro, bromo, or mesyloxy precursor which,

in turn, is derivable from the corresponding alcohol (see above for a synthetic approach to the 2-hydroxyethyt

analogue). The 3-hydroxypropyl and 4-hydroxybutyi analogues may be prepared by catalytic hydrogenation of

40 the alkencls obtained when the above-mentioned bromo compound of formula (IV) is subjected to Heck reaction

conditions (vide infra) with ally! alcohol or 3-buten-1-ol respectively.

The chioromethyl intermediates may further be employed to furnish the, corresponding methyl derivatives,

i.e. compounds of formula (I) wherein R4 is CH 3 and R\ R2 and R3 are as previously defined. This can be ach-

ieved by catalytic hydrogenation using a palladium on charcoal cataiyst, in a suitable solvent such as ethyl acet-

45 ate, at about 50 p.s.i. (3.45 bar).and room temperature. By analogy, when R4
is ethyl, n-propyl or n-butyl. such

compounds of formu!3 (I) may also be obtained from the corresponding alkyl chlorides derived, in turn, from

Lhe appropriate alcohols mentioned above by standard methodology. Other alcohol derivatives, e.g. the corre-

sponding bromide or mesylate, may also be used.

The above bromo derivatives (IV), which are valuable intermediates in the synthesis of yet further com-

so pounds of formula (i), may be prepared from a compound of formula (II) by direct bromination in a suitable sol-

vent This may be achieved, for example, either with about a 60% excess of N-bromosuccinimide in dimethy!-

formamide at room temperature or with a similar excess of bromine in glacial acetic acid at from about room

temperature to about 100*C. Alternatively. (IV) and the corresponding fluoro. chloro and iodo analogues may

be obtained from the primary amine (vide infra) via classical sequential diazotisaticn-halogenation procedures

55 including, fcr example, the Schiemann, Sandmeyer and Gatterman reactions.

By exploitation of Heck methodology, the bromo intermediate (IV) can be transformed to compounds of

formula (I), wherein R* is CH=CHCN, CH=CHCONR*R» or CH=CHC02R7 and R 1
,
R 2

.
R3

,
R5

,
Re and R7 are

as previously defined, by employment of acrylonitriie or the appropriate acrylic acid amide or ester derivative.

5
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The reaction is.generally carried out with about a 50% excess of both the aikene reagent and. a tertiary amine

such as triethylamine, in the presence of about 0.1 equivalents of a tertiary arylphosphine, preferably tri-o-tol-

ylphosphine, and about O.05 equivalents of palladium(ll) acetate, in a suitable solvent such as acetoniiriie. at

'

the reflux temperature of the reaction medium. The resulting acrylic esters may be hydrolysed if desired, e.g.

•5 using aqueous sodium hydroxide solution, with methanol as co-solvent, to afford the corresponding cinnamic .

acids. Moreover, all the elkenyl products thus synthesised may be subjected to catalytic hydrogenation. e.g.

using 5% palladium on charcoal in a suitable solvent at about 15 p.s.i. (1.0 bar) and room temperature, to pro-

vide compounds of formula (!) wherein R< is CH 2CH2CN, CH 2CH 2CONRW or CH 2CH2C0 2R7 and R\ R2
.
R3

,

R5, R6 and R7 are as previously defined for formula (I). An alternative reduction strategy, in which the acrylo-

10 nitrite derivative (cinnamonirrile analogue) is exhaustively hydrogenated with Raney nickel in glacial acetic acid,

affords a compound of formula (I) wherein R4
is 3-aminopropyl and R\ R2 and R3 are as previously defined..

The higher homologues. i.e. compounds of formula (I) wherein R4 is either C3-C4 alkyl or C3-C4 alkenyl

substituted with CN, CONR5R6 or C02R7 ..or is 4-aminobulyl, may be derived from the previously mentioned

alkenols obtained from Heck reactions between the bromo compound of formula (IV) and either ally! alcohol

15 or 3-buten-1-of. The conventional procedures necessary for transformation of the terminal hydroxyl group via

a suitably reactive derivative, e.g. the corresponding chloride, bromide or mesylate, to the required functional

groups will be well known to persons skilled in the art, and will be equally applicable to the 2-hydroxyet
u
yl ana-

logue (vide supra) thereby offering an alternative to Heck methodology. Compounds of formula (I), wherein R4

is CH2CN, CH2CONR 5R5
.
CH 2C02R 7 or CH2CH2NH 2l may. be obtained from the chloromethyl intermediates of

20 formula (III) by reaction with an alkali metal cyanide, e.g. sodium cyanide or pc'-assiurn cyanide, followed by

standard transformations or the resulting niirile.

As a general alternative to the above Heck reaction approach, the desired alkenes (and derived aikanes

via catalytic hydrogenationj-may be obtained using a Wittig-Horner strategy in which an aldehyde of formula

(I), wherein Rr is CHO and R\ R2 and R3 are as previously defined, is reacted with the appropriate phosphonium

25 salt orphosphonate in the presence of a suitable base. The aldehyde itself is obtainable for formyiaticn, e.g.

using dimethyiformamide. of the previously described aryilithium derivative of (IV) and, by analogy, is also a

convenient precursor to compounds of formula (I) wherein R4
is C2-C4 alkenyl or CrC4 alkyl and R 1

,
R 2 and

R3 are as previously defined.

This aryilithium intermediate is also useful in the preparation of compounds of formula (I) wherein R4
is

so CONR5R6 or C0 2R7 and R\ R2
. R3

, R5
, R5 and R7 are as previously defined. For example, lithiation of (IV) in

dry tetrahydrofuran at about -76CC using about a 5-fold excess of a solution of n-butyllithium in hexane, quench-

ing of the resulting aryilithium with carbon dioxide at about -40°C, and aqueous work-up at about 0°C including

careful acidification to pH 3. furnishes the corresponding benzoic acid derivative. The acid may be activated

under mild conditions, such as those containing in peptide bond formation via amino acid coupling procedures.

35 and converted to an ester or amice derivative as required. For example, activation of the benzoic acid using

a carbodiimids/l-hydroxybenzotriazole combination in -the presence of the required amine of formula R5R£NH

or aicohoi of formula R7OH, in a suitable solvent such as dichlorcmethane at about 0°C to room temperature,

yields the corresponding amide or ester respectively.

The bromo intermediates of formula (IV) are also of utility in the synthesis of compounds of formula (I)

40 wherein R4 is phenyl cr heterocyclyl. each of which is optionally susbtituted with methyl, and R\ R2 and R3 are

as previously defined. When R* is phenyl or Olinked heterocyci-/!, a may bo introduced vi= ?£!!adi-jrr-C2ta!y?f?d

coupling of the zincate derivative generated in situ from the corresponding phenyilithium or heterocydyliithium

intermediate; the latter, in turn, may be obtained from either the heterocyde or haloheterocycle as necessary

by treatment with n-butyitithium. Thus, for example, the phenyilithium or heterocydyliithium (in the presence

45 -A about 1 extra equivalent of n-butyllithium to accommodate the active hydrogen atom.of the pyrazolopynmi-

dinone substrate) is treated with about 2 equivalents of anhydrous zinc chloride in dry tetrahydrofuran at about

-73°C followed, at about room temperature, by (IV) and the palladium catalyst, preferably tetrakis(triphenyl-

phosph:ne)pal!adium(0). The reaction mixture can be heated to reflux with addition of up to about 2 further

equivalents of anhydrous zinc chloride if necessary. When R4
is N-Iinked heterocyclyl, the reaction may be ccn-

so ducted with up to about a 5-foid excess of the appropriate heterocyde in the presence of about a 10% excess

of base, e.g. anhydrous potassium carbonate, to scavenge the hydrogen bromide by-product, together with

about a 10% excess of copper-bronze and about 0.25 equivalents of iodine catalyst in a suitable solvent, e.g.

dimethyiformamide, at ab ut the reflux temperature of the reaction medium.

Compounds of formula (I), wherein R4
is NHS02NR*R6 or NHS02R* and R\ R2

, R3
,
R5

,
R6 and R» are as

55 previously defined, may be synthesised from the corresponding primary amine which, in turn, is obtained^oy

nitration of (II) using, e.g. a conventional concentrated nitric acid/concentrated sulphuric acid combination, fol-

lowed by reduction of the nitroarene by catalytic hydrogenation using conventional procedures. The reaction

is generally carried out using equimolar quantities of the primary amine of formula (I), wherein R4
is NH 2 and
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Ri R2 and R3 are as previously defined, and either the required sulphamoyl halide or alkylsulphonyl halide (pre-

ferably the chlorides) of formula R*R6NS0 2halo or R'S0 2halo respectively, in the presence of excess tertiary

amine such as triethylamine or pyridine to scavenge the acid by-product, in a suitable solvent, e.g. dichloro-

rrvnhane at from about 0°C to about room temperature. Pyridine may conveniently function as both base and

5 solvent when desired, and the reaction may be epSionally calalysed.by the addition of about 0.1 to 0.2 equiv-

alents of a 4-t-aminopyririine such as 4-dimethylaminopyridine. When both R5 and R6 are H, the desired product

'

may also be obtained by taction of the primary amine with sulphamide in a suitable solvent, e.g. 1,4-dioxan.

at about 1006C.
'

When, in transformations of compounds of formula (II) to compounds of formula (I). R3 is a group suscept-

io ible to reaction or removal under the particular conditions employed to introduce R*. said R3 group may itself

be introduced at the final stage of the synthesis. Thus a phenol of formula (II). wherein R3 is H, and R 1 and R*

are as previously defined, which is obtainable for example by Pd°-mediated deprotection of the O-allyl analo-

gue i e a compound of formula (li) wherein R3 is allyl, and R 1 and Rz are as previously defined, serves as the

substrate for the subsequent reactions involved in introducing the various R« substituents. Af inal O-alkylation

js of the phenolic group is then necessary to furnish a compound.of formula (I), wherein R\ R*. R3 and R* are

as previously defined. This may be achieved under standard conditions using the appropnate alky) chloride,

'hromide or sulphonate in the presence of a base such as anhydrous potassium carbonate'in a sutacle solvent.

'

e.g. 2-butanone, at the reflux temperature of the reaction mixture. AJternatively. the alkylaiion may be effected

under typical Mitsunobu reaction conditions.

20 A compound of formula (II) may be prepared from a compound of formula (V):

25

30

H 2NOC
0

0

H

(V)

wherein R- R2 and R3 are as previously defined, by the application of known cyclisation melhods.for pynrro-

dinone rina formation. Thus, for example, the cyclisation may be effected by the treatment of (V) with a base

35 such as sodium hydroxide or potassium carbonate/optionally in the presence of hydrogen peroxide, in an etha-

. nol-water medium at reflux temperature. Under these conditions the related nitrile of formula (VI). wherein R .

R2 and RJ are as previously defined, may also be employed as the precursor to (IV).

In an alternative cyclisation procedure, compounds of the formula (II) may be obtained by treatment of (V)

with polyphosprioric acid at about 140=C.

<o Compounds of formulae (V) and (VI) may be prepared from compounds of formulae (VII) and (VIII) respec-

tively:

<5

53

HjNOC
fj

.(VII)

R 1

/

N
\

NC.

R 1

1

N
jr.

H2N*
£s

R 3 R2

(VIII)

wherein R 1 and R2 are as previously defined, by reaction with a compound of formula (IX):

55

"7
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R30

,COY (IX)

wherein R3 and Y are as previously defined.

The reaction is generally carried out using an excess of (IX) in the presence of an excess of a tertiary amine

such as triethylamine to act as scavenger for the acid by-product (HY), optionally in the presence of a catalyst

such as 4-dimethylaminopyridine, in an inert solvent such as dichloromethane at from about 0°C to room tem-

perature. *
.

.*

Compounds of formula (I) may. be obtained more directly from a compound of formula (X):

COY (X)

wherein R3
, R«and Y are as previously defined.' when such acyl halides.are readily accessible, ty reaction

with either (VII) or (VKI) arid subsequent ring-ciosure of the product as described.above. Clearly this alternative

synthetic route will only be appropriate when R4
is compatible with the reaction conditions obtaining in both

steps, e.g. when R* is acetyl as illustrated by Example 17.

The aminopyrazoles of formulae (VII) and (VIII). the acyl halides of formulae (IX) and (X). and the inter-

m-diates employed for introduction of the various R* substituents into compounds of formula (II) to afiord com-

pounds of formula (I), when neither commercially available nor subsequently described, can be obtainea by

conventional synthetic procedures, in accordance with literature precedent, from readily accessible starting ma-

terials using appropriate reagents and reaction conditions.

Certain of the compounds of formula (1). wherein R9 is as previously defined but not hydrogen, may be

prepared directly from the corresponding 4-N-unsubstituted piperazine analogue, that is the precursor wherein

R3 is hydrogen, using appropriate standard synthetic procedures.
'

All of the above reactions are entirely conventional and the necessary reagents and conditions for their

performance can readily be established by reference to standard text books and to the Examples provided here-

after. Alternatives and variations wSi also be evident to persons skilled in the art to enable all the compounds

"defined by for.nula (I) to be prepared. ' •

.

The biological activities of the compounds of the present invention were determined by the fo.lowing test

methcJs.

Phosphodiesterase activity

Compound affinities for cGMP and cAMP PDEs are assessed by determination of their 10^ values (the

concentration of inhibitor required for 50% inhibition of enzyme activity), The PDE enzymes are isolated from

rabbit platelets and rat kidney, essentially by the method of W.J. Thompson et al.(B.ochem.. 1971. 10, 311).

The calcium/calmodulin (Ca/CAM)-independent cGMP PDE and the cGMP-inhibited cAMP PDE enzymes are

obtained from rabbit platelets whilst, of the four major PDE enzymes of the rat kidney, the Ca-v^M-depenaeni

cGMP PDE (fraction I) is isolated. Assays are performed using a modification of the "batch method ot w J.

Thompson and M.M. Appleman (Biochem., 1 979. 13. 5228). Results from these tests show that the compounds

of the present invention are potent and selective inhibitors of both cGMP PDEs.

Platelet antiaggregatory activity

This is assessed bvthe determination of a compound's ability to inhibit platelet aggregation in vitro induced
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•by platelet activating factor (PAF). and to potentiate the platelet antiaggregatory action in vitro of activators of

guanylate cyclase such as nitroprusside and EDRF. Washed platelets are prepared essentially by the method

of J.F. Mustard et al. (Methods in Enzymol.. 1989. 169. 3) and aggregation is determined using st?ndard tur-

bidimetric techniques as described by G.V.R. Born. (J. Physiol. (Lond). 1952. 162. 67P).

Antihypertensive activity

This is assessed following intravenous or oral administration of a compound to spontaneously hypertensive

rats. Blood pressure is recorded via a cannula implanted in the carotid artery of either conscious or anaesthe-

tised animals.

. For administration to man in the curative or prophylactic treatment of angina, hypertension or congestive

heart failure, oral dosages of the compounds will generally be in the range of from 4-800 mg daily for an average

adult p&tisnt (70 kg). Thus for a typical adult patient, individual tablets or capsules contain from 2-400 mg of

active compound, in a suitable pharmaceutical^ acceptable vehicle or carrier, for administration in single or.

multiple doses, once or several times per day. Dosages for intravenous, buccal or sublingual administration

will typically be within the range of from 1-400 mg per single dose as required. In practice the physician will

determine the actual dosing regimen which will be most suitable for an individual patient and it will vary with

the age. weight and response of the particular patient. The above dosages are exemplary of the average case

but there can be individual instances in which higher or lower dosage ranges may be mented, and such are

within the scope of this invention.
; ,

'

For human use. the compounds of formula (l) can be administered alone, but will generally be administered

in admixture with a pharmaceutical carrier selected with regard to the intended route of administrate and stan-

dard pharmaceutical practice. For example, they may be administered orally, buccally or sublingual^, in the

form of tablets containing excipients such as stp.rch or lactose, or in capsules or ovules either alone or in ad-

mixtures with excipients. or in the form of elixirs or suspensions containing flavouring or colouring agents. The

compounds may also be injected parenterally. for example intravenously, intramuscularly, subcutaneously or

intracoronarily. For parenteral administration, they are. best used in the form of a sterile aqueous scution wh.ch

may contain other substances, for example salts, or monosaccharides such as mannitol or glucose, to make

the solution isotonic with blood.

Thus the invention provides a pharmaceutical composition comprising a compound of formula (I), or a phar

maceutically acceptable salt thereof, together with a pharmaceutical^ acceptable diluent or earner.

The invention also provides a compound of formula (I), or a pharmaceutical^ acceptable salt thereof, or

a pharmaceutical composition containing either entity, for use in medicine.

The invention further provides the use of a compound of formula (I), or a pharmaceutical^ acceptable salt

thereof or a pharmaceutical composition containing either entity, for the manufacture of a med.cament lor the

treatment of stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary hypertension, conges-

tive heart failure, atherosclerosis, stroke, peripheral vascular disease, conditions of reduced blood vessel pa-

tency e.g. post-PTCA. chronic asthma, bronchitis, allergic asthma, allergic rhinitis, glaucoma, or diseases char-

acterised by disorders of gut motility, e.g. I3S.
.

In a further aspect, the invention provides a method of treating or preventing stable, unstable and variant

(Prinzmetal) angina, hypertension/pulmonary hypertension, congestive heart failure, atheroscleroses, stroke,

peripheral vascular disease, conditions of reduced blooo vessel patency e.g. uOSi-FTCA. cl.fu,-,.-- «5th.. ,a,

chitis, allergic asthma, allergic rhinitis, glaucoma, or diseases characterised by disorders of gut raobl.ty. e.g.

IBS. in a mammal (including a human being), which comprises administering to said mammal a therapeut.caiiy

effective amount of a compound of formula (I), or a pharmaceutically acceptable salt thereof, or a pharma-

ceutical composition containing either entity.

The invention also includes any novel intermediates of formulae (II). (ill) and (IV) disclosed herein.

The syntheses of the compounds of the invention and of the intermediates for use therein are illustratea

by the following Examples and Preparations. The purity of the compounds was routinely momto.ed by thin layer

chromatography (TLC) using Merck Kieselgel 60 F3M plates. 'H-Nuclear magnetic resonance spectra were re-

corded using either a Nicolet QE-300 or a Bruker AC-300 spectrometer and were in all cases consistent wiw

the proposed structures.

EXAMPLE 1

5-(2-Ethoxy-5-piperidinoa^eMphenvlV1-methyl-3-n-propvl-1,S-dihy
dro-7H-pyrazolo[4,3-dlpyrimidin-7-one

Piperidine (0.22 ml. 0.0022 mol) was added to a stirred suspension of 5-(5-bromoacetyl-2-ethoxyphenyl)-
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1-methyl-3-n-propy!-1,6-dihydro-7H-pyrazolo[4,3- d]pyrimidin-7-one (Preparation 8, 0.95 g, 0.0022 mol) and

anhydrous potassium carbonate (0.6 g, 0.0044 mol) in acetonitrile (50 ml) at room temperature. After 18 hours

the mixture was evaporated under vacuum, the residue dissolved in water (50 ml) and the solution extracted

with ethyl acetate (3 x 30 ml). The organic extracts were combined,, washed with brine (3 x 20 ml), dried

5 (N32SO,.) and evaporated under vacuum. The resulting yellow solid was chromatographed on silica gel (12 g),

using a methanol in dichloromethane elution gradient (0-2% methanol), to give an off-white solid. Crystallisation

from ethyl acetate-hexa = i gave the title compound as an off-white powder (0.27 g, 28%). rn.p. 149-151°C.

Found: C.66.13; H.6.90; N.15.95. C2,H3tN50 5 requires C.65.88; H.7.14; N,16.01%.

10 EXAMPLES 2-8

The following Examples were prepared oy the procedure of Example 1 using the appropriate amine.

15

20

CH3CH 20 . HN

25

C H2CH2CH3

30

45

SO
.

10
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EXAMPLE 9

5./2-Elhoxv-5-ri-hYdroxy-2-(^
*

dlpyrimic'in-7-one

Sodium borchydride (0.01 g. 0.0027 moi) was added to a stirred suspension of 5-[2-ethoxy-5-(1-

piperazinyi'^ty1)phenyiM-nie^^ (0.12 g. 0.0027

mol) in eihanol (10 ml) and the resulting solution stirred at room temperature for 18 hours. The solvent was

removed by evaporation under vacuum, the residue suspended in saturated aqueous sodium carbonate solu-

tion (50 ml) and this mixture extracted with dichioromeihane (3 x 20 mi). The organic extracts were combined,

dried (Na,SO.) and evaporated under vacuum to give an oil. Trituration with ether gave a white solid, crystal-

lisation of which from ethyl acetate-hexane gave the title compound as a white powder (0.050 g, 42%), m.p.

139-140 ;C. Found: C.62.55; H.7.44; N.18.79. C^NeOa requires C.62.71; HJ.32; N,19.03%.

15 EXAMPLES 10-13

The following Examples were prepared by the procedure of Example 9 using the appropriate ketones.(Ex-

amples 3, 4, 5 and 1 respectively).

20

25

30

CH3CH 20 HN

R 5R*N

CH2CH2CH3

40
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HI

fe%
I

%

I

so
E

E
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10

15

30

40

EXAMPLE 14

1-Methyl-5-(5-morpholinoace^

one

This compound, was prepared from morpholine and 5-(5-bromoacebyl-2-n.propoxypheny!)-1-methyi-3-r.-

propyl-1 ,S-dihydro-7i . .pyrazolo[4>d]pyrimdin-7-one (Preparation 11); following the procedure of Example 1,

and was obtained as white crystals (47%). m.p. 128-129°C. Found: C.63.62; H.7.07; N.15.53. C^NgO, re-

quires C.63.56; H.6.89; IM, 15.44%.

EXAMPLE 15

1-Methyl-5-[5-(4-methyl-1-piperazinylacetyl)-2-n-propjyyphenyl]-3-n-p

d]pyrimidin-7-one

This compound was prepared from-4-methylpiperazine and 5-'(5-bromoacetyl-2-n-propoxyphenyl)-1-me-

thyl-3-n-prop\i-1.6-dihydro-7H-pyra2oio[4 (
3-d]pyrimidin-7-one (Preparation 11), following the procedure of Ex-

ample 1, and was obtained as a white solid (27%), m.p. 124-125 CC. Found: C.63.9G; H.7.19; N.17.80.

QzsH^N'eOa requires C64.35; H.7.34; N.18.01%.

EXAMPLE 16

5-[5-(1-Hydroxy-2-morpholin^^

dlpyrimidin-7-one

This compound was prepared from 1-methyl-5-(5-morpho!inoacetyI-2-n-propoxyphenyl)-3-n-propyl-1,6-

dihydro-7H-pyrazolo[4,3-dlpyrimidin-7-one, following the procedure of Example 9, and was obtained as a white

solid (25%)] m.p. 1O4-105 c C. Found: C.62.90; H.7.50; N.15.48. C^H^N'sO^ requires C.63.28; H.7.30;

,\,15.37%. /
'

EXAMPLE 17

5-(5>Acet>-l-2-ethoxyphsnyl)-1-methyl^n-prcpyl-1,'6-dihydrc>7H^

35 The title compound was prepared from 4-(5-acetyl-2-ethoxyben2amido)-1-methyl-3-n-propyIpyrazole-5-

carboxamide (Preparation 15), following the procedure of Preparation 7, and was obtained as a white solid

,(77%), m.p. 196-198CC. Found: C&4.35; H,6.16; N.15.85. C^H^Oa requires C.64.39; H,6.26; N,15.S1%.

EXAMPLE 18

5-(5-Bromo-2-n-propoyyphenyl)-1-me^

N-Bromosuccinirnide (Z6 g, 0.016 mol) in dimethylformamide (40 ml) was added dropwise to a stirred sol-

ution of 5-{2-n-propoxyphenyi)-1-me^

45 tion 10, 4.0 g, 0.010 mol) in dimethylformamide (40 ml) at room temperature. After 7 hours the solvent was

removed by evaporation under vacuum, the residue suspended in saturated aqueous sodium carbonate solu-

ton, and the resulting solution extracted with ethyl acetate (3 x 50 ml). The organic extracts were combined,

dried (Na 2SO<) and evaporated under vacuum. Trituration of the residue with ether, followed by crystallisation

from ethyl acetate-hexane. gave the title compound as white crystals (3.39 g, 68%), m.p. 117-11 8°C. Found:

so C.53.15; H,5.03; N,13.78. C.l8H21BrN40 2 requires C,53.34; H.5.22; N, 13.32%.

. EXAMPLE 19

(E)-3-(1-Methyl-7-oxo-3-n-propyl-1 ,e-dihydro-7H-pyrazolo[4;3^^
£cid >

55 butyl ester .

"

To a solution of 5-(5-bromo-2-n-propoxy^

midin-7-one (1.0 g, 0.0025 mol) and triethyiamine (0.38 g. 0.0038 mol) in acetonitrile (2 ml), was added palla-
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10

2

3 50

dium(ll) acetate (0.03 g. 0.00013 mo!), tri-o-toly!phosphine(0.076 g, 0.00025 mol) and t-butyl acrylate (0.48 g,

0.0038 mol). The mixture was heated under reflux for 4 hours, then cooled and evaporated under vacuum. The

residue was suspended in water (30 mi) and extraction with dichloromethane (3 x 20 ml) effected. The organic

extracts were combined, dried (Na 2SO<) and evaporated under vacuum to give a yellow-green solid. Chroma-

tography on silica gel (12 g), using a methanol in dichloromethane elution gradient (0-2% methanol), followed

by crystallisation from ethyl acetate-hexane gave the title compound as a white solid (0.65 g, 53%), m.p. 167-

15S°C Found: C.6S.47; H.7.00; N. 12. 31. -C25H32N4O4 requires C.66.35; H.7.13; N.12.38%.

EXAMPLE 20

(EV3-(1-Methyl-7-oxo-3-n-propyi-1,6-dihyd^

2N Aqueous sodium hydroxide solution (2.28 mi, 0.0046 mo!) was added to a solution of (E)-3-(1-methyi-

7-oxo-3-n-propy!-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-5-yl)-4-n-propoxycinnam!C acid t- butyl ester (0.40

15 g, 0.00088 mol) in methanol (2.3 mi) and the mixture was heated under reflux for 13 hours. The methanol was

removed by evaporation under vacuum, the residue dissolved in water (25 ml), and the solution extracted with

ethyl acetate (4x15 ml). The aqueous layer was- separated, acidified to pH 1 with hydrochloric acid, and then

extracted with a mixture of methanol and ethyl acetate (3.97, 4 x 20 ml). The organic extracts were combined,

dri^d (Na 2Sp4 ) and evaporated under vacuum, then the residue crystallised from ethyl acetate to give the title

20 compound as a white solid (0.27 g, 77%), m.p. 229-230 c C. Found: C.53.64; H.5.93; N.14.14. C21 H25N 404 re-

quires C,63.46;H,5.34; N,14.107o.

EXAMPLE 21 •

25 . 5-(5(3romo-2-ethoxyphenyl)-1-^

Bromine (0.93 g, 0.0058 mol) was added dropwise to a stirred solution of 5-(2-elhoxyphenyl)-1-methyl-3-

n-propyi-I.e-dihydro^H-pyrazo-o^.S-dlpyrimidin^-one (Preparation 7, 1.1 g, 0.00352 mol) in glacial acetic

acid (20 ml). The mixture was stirred at 100°C for 6.5 hours and the solvent was then removed by evaporation-

30 under vacuum. The residue was dissolved in a 9:1 mixture of methanol in dichloromethane (50 ml), and the

solution washed with saturated aqueo< *s sodium bicarbonate solution (50 ml), water (50 m!) and saturated brine

(50 mi), then dried (MgS04 ) and evaporated under vacuum. The residue was chromatographed on silica gel

(15 g) eluting with a mixture of methanol and dichloromethane (1:99) to give, after crystallisation from aceto-
^

nitrile, the title compound (0.62 g. 45%). m.p. 157-159 SC. Found; C.52.41; H.5.25; N.14.01. C 17H ls3rNAi re-

35 quires C52.1 8; H.4.89; N.14.32%.

EXAMPLE 22

{EH-Ethoxy-3-(1-methyl-7-oxo-3^ acid l"bu "

40 tyl ester

The title compound was prepared from 5-(5-bromo-2.ethoxyphenyl)-1-methyl-3-n-propy1-1 ,6-dihydro-7H-

pyrazo!o[4,3-d]pyrirnidin-7-one following the procedure of Example 19 and was obtained as a white crystalline

. solid (31%), m.p. 179-180°C. Found: C.65.83; H.6.90; N.12.75. C2,H3oN,04 requires C.65.89; H.6.68;

45 N.12.81%.

EXAMPLE 23

(EK-Ethoxy-3-(1-methy1^
scid

'

The title compound was prepared from (E^ethoxy-3-{1-methyl-7-^^

zo!o[4,3-d]pyrimidin-5-yl)cinnamic acid l-buly! ester following the procedure of Example 20 and was obtained

as white crystals (66%). m.p. 234-236°C. Found: C.63.01; H.5.59; N.14.62. C^H^N.O. requires C.62.82:

H,5.S0;.N,14.65%.

55
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EXAMPLE 24

3-r4-Ethoxy-3-(1-methyl-7-oxo-3-n-prop^

acid

A solution of (E)-4-Ethoxy-3-(1-methy!-7-oxo-3-n^

yl)cinnamic acid (C. -26 g, 0.0011 mol) in a mixture of methanol (28.5 ml), ethyi acetate (100 ml) and water (1 .5

ml), was stirred with 5% palladium on charcoal catalyst (0.05 g) under a hydrogen atmosphere at room tern-
;

perature and pressure Tor 3 hours. The catalyst was removed by filtration and the solvent removed by evapor-

ation under vacuum. Crystallisation of the residue from ethyl acetate- hexane gave the title compound as beige

crystals (0.23 g. 54%), m.p. 1 65- 167 CC. Found: C.62.24; H.6.17; N.14.09. C20H 24N404 requires C.62.39; H,6.33;

N, 14.41%.'

EXAMPLE 25

(EK-Ethoxy-3-(1-methy1-7-oxo-^^
di"

methyiamide •

•

The title compound was prepared from . N.N-dimethylacrylamide and 5-(5-bromo-2-ethoxyphenyl)- i-me-

thyl-3-n-propy1-1,6-dihydro-7H-py^^
of Example 19 and.was

obtained, following crystallisation from ethyl acetate-hexane, as colourless crystals (38%), m.p. 219-221 C C.

Found: C.64.1y; H.6.46; N, 16.96. C:aH27N 50 3 requires C t64.53; H.6.65; IS, 17,10%.

EXAMPLE 26 -

^[4-Ethoxy-3-(1-methyl-7-oxo-3-n-propyl-1,6-dihydro-7H-pvra2olcf4.3-

acid dimethylamide

The title compound v/as prepared from (E^ethoxy-3-(1-methyl-7-oxo-3-n-proPyl-1,6-dihydro-7H-pyra-

zolo[4>d]pyrimidin-5-yi)cinnamic acid dimethylamide following the procedure of Example 24 and. after crys-

tallisation from ethyl acetate-hexane, was obtained as colourless crystals (74%), m.p. 155-157°C. Found:

C.64.09; H.7.04; N.16.71. C^H^NgOa requires C.64.21; H.7.10; N.17.02%.

EXAMPLE 27

(EH-Ethoxy-3-(1-methyt-7-c^^

The tiUe compound was prepared from acrylonrtrile and 5-(5-bromo-2-ethoxyphenyl)-1-meth>i-3-n-propyl-

1 6-dihydrc-7H-pyra2oIo-[4 (
3-dlpyrimidin-7-one following the procedure of Example 19 and was cbtainedas

off-white crystals (33%). Found: C.65.99; H,5:52;
; N,19.07. C2oH 21N 50 2 requires C.66.10; H.5.82; N.19.27%.

EXAMPLE 23

5-[5-(3-Aminopropvl)-2-euiox^ '

A solution of (E)-4-ethoxy-3-(1-methy^

yl)cinnamonitri!e (0.25 g, 0.00064 mol) in glacial acetic acid (25 ml) was stirred with Raney nickel catalyst (25

mg) under hydrogen at room temperature and at 50 p.s.i. for 3 hours. The resulting mixture was f lUered ana

the filtrate evaporated under vacuum. The residue was partitioned between saturated aqueous sodium car-

bonate solution (50 m!) and dichioromethane (30 ml), the layers separated and the aqueous phase further ex-

tracted with dichioromethane (2 x 30 ml). The organic solutions were combined, dried
/
Ns =S°^

under vacuum to give a brown solid, crystallisation of which from hexane-ethyl acetate gave the t:Le cc^P^L' r

l"

as fawn crystals (96 mg. 38%), m.p. 115-117-C. Found C.65.29; H.7.35; N.18.66. CMH a7N 502 requires C.6..02;

H.7.37; N.18.98%.

17
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EXAMPLE 24

15

25

30

35

^f4-Ethoxy-3-(1-methyI-7-oxo-3-n-prop^
'

acid

5

A solution of (E)-4-Ethoxy-3-(1-rnethy!-7-oxo-3-^

yl)cinnamic acid (0. -26 g f
0.0011 mol) in a mixture of methanol (28.5 ml), ethyl acetate (100 ml) and water (1.5

ml), was stirred v/ith 5% palladium on charcoal catalyst (0.05 g) under a hydrogen atmosphere at room tem-

perature and pressure for 3 hours. The catalyst was removed by filtration and the solvent removed by evapor-

10 ation under vacuum. Crystallisation of the residue from ethyl acetate-hexane gave the title compound as beige

crystals (0.23 g. 54%), m.p. 1 65-1 67 eC. Found: C.62.24; H.6.1 7; N.14.09. C20H2<N,04 requires C.62.39; H.6.33;

N.14.41%.

EXAMPLE 25

(EK-EthoxyO-(1-methYl-7-oxo^^
acid di-

methylamide

The title compound was prepared from N.N-dimethylacrylamide and 5-(5-bromo-2-ethoxyphenyi)-1-me-

.th.yl-3-n-propyir1.6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7*one following the procedure of Example 19 and was

obtained, following crystallisation from ethyi acetate-hexane, as colourless crystals (38%). m.p. 219-221 C C.

Found: C.64.1G; H.6.46; N,1 6.S6..C^H^NsC^ requires C64.53; H.6.65; N.17.10%.

EXAMPLE 25 -

'

3-f4-Ethoxy-3-(1-metW^^

acid dimethylamide

The title compound was prepared from (£>.4-ethoxy-3-(1-methy|.7.oxo3-n.propyl-1,6-dihydro-7H-pyra-

zo!o[4>d]pyrimidin-5-yi)cinnamic acid dimethylamide following the procedure of Example 24 and. after crys-

tallisation from ethyl acetate-hexane, was obt?.ined as colourless crystals (74%), m.p. 155-157°C. Found:

C.64.09; H.7.04; N.16.71. C^H^NsC^ requires C,64.21; H.7.10; N.17.02%.

EXAMPLE 27

(E)-4-Ethoxy-3-(1-methyl-7-cxo^^

The title compound was prepared from acrylonrtriie and 5-(5-bromo-2-ethoxyphenyl)-1-m^^

1,6-dihydro-7H-pyrazo!o-[4 (
3-.dlpyrimidin-7-one following the procedure of Example 19 and was obtained

40, off-white crystals (33%). Found: C.65.99; Hf5.52; N.19.07. CMH 21N 502 requires C.66.10; H,5.82; N.19.27%.

EXAMPLE 23

5-[5-(^AminopropYl)-2-ethoxyph

45

A solution of (E)-4-ethoxy-3-(1-methy]-7-oxo-3-n-Propyl-1,6-dihydro-7H-pyr8zolo[4,3-d]pyrimidin-
5-

y1)cinnamonitri!e (0.25 g. 0.00064 mol) in glacial acetic acid (25 ml) was stirred with Raney n.ckel catalyst (25

mg) under hydrogen at room temperature and at 50 p.s.i. for 3 hours. The resulting mixture was flUered ana

the filtrate evaporated under vacuum. The residue was partitioned between saturated aqueous sodium c=tr-

so bonate solution (50 ml) and dichloromeihane (30 ml), the layers separated and the aqueous phase ^"^ex-

tracted with dichloromethane (2 x 30 ml). The organic solutions were combined dri®d
j

lNa
^°f-

8

"fo

ev

(J

l

^
or
*,^

'

under vacuum to give a brown solid, crystallisation of which from hexane-ethyi acetate gave the tie cempeun-

as fewn crystals (96 mg. 36%). m.p. 115-117-C. Found C.65.29; H.7.35; N.18.66. C20H,7N sO2 requ.res C.6-.0Z.

H.7.37; N.18.9S%. .

55 .
•

-

17
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.EXAMPLE 29

4- Ethoxy-3-(1-methy!-7-oxo-3-n-propyM.6-dih^ acid

n-Butyllithiurn (2.5 M solution in hexane, 1.53 ml, 0.0033 mol) was added ciropwiseto a stirred solution of

5-(5-bromo-2-ethoxyphenyl)-1-methyl-3-n-pro^ (0.50 g,

0.00074 mol) in di / tetrahydrofuran (25 m!) at -78 CC under a dry nitrogen atmosphere. After 0.3 hour at -78°C,

the solution was allowed to warm to -40 6C and carbon dioxide gas was bubbled through the solution. The re-

sulting solution was allowed to v/arm to room temperature and then poured into water; acidification to pH 3

with 2N hydrochloric acid and extraction with a 9:1 mixture of dichloromethane and methanol (4 x 50 ml) were

then effected. The organic extracts were combined, dried (MgS04 ) and evaporated under vacuum to give a

colourless solid. Chromatography of this solid on silica gel (20 g), using a methanol in dichloromethane elution

gradient (2-5% methanol), gave a solid which was dissolved in a 9:1 mixture of dichloromethane and methanol

(50 ml); this solution was then washed with saturated aqueous sodium carbonate solution (50 ml), dried

(MgSO*) and.evaporated under vacuum to give the title compound as a v/hite powder (0.144 g t 26%), m.p. 255-

288°C. Found: C.60.74; H.5.72; N.15.61. CuHapN.O* requires C,60:S6; H.5.66; N,15.72%.

EXAMPLE 30

5-[2-Ethoxy-5-(4-methylpiperazinylCort^^

midin-7-one .

A solution of4-ethpxy-3-(1-methyl-7-oxo-3-n^

- acid (0.095 g, 0.00027 mol), l-methylpiperazine (0.265 g t 0.00265 mci), 1 -(3-dimethy!aminopropyi)-3-ethylcar-

bodii.Tiide hydrochloride (0.077 g, 0.0004 mol) and 1-hycroxybenzotriazoie (0.054 g, 0.0004 mol) in dichloro-

methane (25 ml) was stirred at room temperature for 18 hours. The reaction solution was washed with water

(25 mi), dried (Mg'S04 ) and evaporated under vacuum, and then the resulting residue crystallised from ethyl

acetate-hexane to give the title compound as colourless crystals (0.03 g, 25%), m.p. 19S-197°C. Found:

C63.12; H.6.81; N.18.95. CU-r^NgC^ requires C.62.99; H.6.90; N, 19.16%.

EXAMPLE 31

5-[2-Ethoxy-5-(1-imtQazoiyl)pheny^

A solution of 5-(5-bromo-2-ethoxyphenyi)-1-meft

7-one (0.20 g. 0.00051 mol), imidazole (0.172 g, 0.0025 mol), anhydrous potassium carbonate (0.077 g,

0.00055 mol). copper bronze (0.036 g, 0.00057 mol) andiodine (0.015 g, 0.00012 mol) in dimethylform amide

(1 0 ml) was heated under reflux under nitrogen for 4.5 hours, cooled and poured into water (50 ml). This mixture

Was extracted with a 9:1 mixture of dichloromethane and methanol (6 x 50 ml) and the exacts combined, dried

(MgS04) and evaporated under vacuum to give a pale brown oil. The oil v/as chromatographed on silica gel

(20 g), eluting with a mixture of dichloromethane, methane! and irieihylamins (97:8:2:0.2). tc give 3 yellcv; cclid,

crystallisation of which from ethyl acetate-hexane gave the title compound as s cream solid (0.073 g. 38%).

m.p. 193-1940C. Found: C,63.61; H.5.97; N.22.03. C^HiNeOj requires C.63.43; H,5.85; N,22.21%.

EXAMPLE 32 .

5-B-Ethoxy-5-(1-methyt-2-imM^

7-one

n-Butyllithium {1.6 M solution in hexane, 9.5 ml, 0.0153 mol) was added to a stirred solution of 1-methy!i-

midazcle (0.628 g. .0.0077 mol) in dry tetrahydrofuran (10 rr.:j at -78°C, and the resulting solution stirred for

0.25 hours. Asoiution of anhydrous zinc chloride (2.0S g, 0.0153 mol) in dry tetrahydrofuran (15 ml) v/as added,

the mixture allowed to warm to room temperature, then 5-(5-bromo-2-ethoxyphenyl)-1-methyl-3-n-propy1-1,6-

cihydro-7H-pyrazo!o[4 f3-d]pyrimidin-7-one (1.0 g, 0.0026 mol) and tetrakis(tnphenylphosphine)palladium(0)

(0.035 g, 0.031 mol) were added and the mixture heated under reflux for 1 8 hours. A further quantity of anhy-

drous zinc chloride (2.08 g, 0.0153 mol) was added and the resulting mixture heated under reflux for a further

60 hours, then cooled; methanol (2 ml) was added and the solvent removed by evaporation under vacuum;

The residue was heated with a solution of disodium ethylenediaminetetraacetic acid dihydrate (23.0 g, 0.0518
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mol) in water (100 ml) to 100CC for 0.2 hour, then the resulting solution basi'ied to pH 8 with saturated aqueous

sodium carbonate solution and extracted with dichloromethane (6 x 100 ml). The organic extracts were com-

bined, dried (Na230 4 ) and evaporated under vacuum to give a yellow solid, purification of which by chroma*

tography on silica gel (13 g), using a methanol-dichloromethane elution gradient (0-3% methanol), followed by

crystallisation from ethyl acetate, gave the title compound as an off-white solid (0.542 g, 53%), m.p. 1 99-202°C.

Found: C, 64.45; H.6.27; N.21.56. C21H24N 602 requires C.64.27; H.6.16; N,21.42%.

EXAMPLE 33

5-[2-Ethoxy-5-(2-pyridyl)pheny^

The title compound was prepared from 2-bromopyridine and 5-(5-bromo-2-ethoxyphenyl)-1-methyl-3-n-

propyi-1,S-dihydro-7H-pyra2olo[4,3-d]pyTimidin-7-one, following the procedure described in Example 32, and

was obtained as an off-white solid (33%), m.p. 216-218°C. Found: C.67.61; H.5.81; N.17.63. C^H^NsC^ re-

quires C.67.85; H.5.95; N,17.98%.

EXAMPLE 34

1-Methy!-5-(5-morpholinomethyl-2-n-prcpoxyphenyl)-3-n-propyl-1,6-dihycY

one

A solution of 5-{5.chloromethyi-2-n-propoxyme

d]pyrimicin-7-one (Preparation 16, 0160 g. 0.0016 mol) in 2-butanone (10 ml) was added c'ropwise to a stirred

solution of morphoiine (0.42 g, 0.0043 mol) in 2-butanone (40 ml) at 0°C. The solution was then heated under

reflux for 16 hours, cooled and evaporated under vacuum. The residue was suspended in v/ater (50 ml) and

the suspension extracted with ethyl acetate (3 x 20 ml). The organic extracts were combined, washed with brine

(2 x 30 ml), dried (Na 2S0 4 ) and evaporated under vacuum. The residue was chromatographed on silica gel

(12 g). using an elution gradient of methanol in dichloromethane (0-2% methanol), to give an oil which solidified

or. trituration with hexane. Crystallisation from ethyl acetate-hexane gave the title compound as a colourless

solid (0.36 g. 53%), m.p. 105-107'C. Found: C.64.76; HJ.34; N.16.36. C2 3H3iN 303 requires C.64.92; H.7.34;

N f16.46%.

EXAMPLE 35

1-Mcthyi-5-[5-{4-methyl-1-piperra

djpyrimidin-7-one

The title compound w2s preparedfrom5-(5-chloromethyl-2-n-propoxyphenyl)-1-methyl-3-n-propyi-1.6-di-

hydro-7H-pyrazolo[4,3-d}pyrimidin-7-one and 1-methy!piperazine, following the procedure of Example 34, and

was obtained as a colourless solid (36%), m.p. 149-150°C. Found: C.65.68; H.7.83; N.19/.0. C24H34N6O2 re-

quires C65.73; H,7.81;.N.1 9.1 6%.

EXAMPLE 36

1-Me;hyl-5-(5-methyl-2-n-propo

A solution cf 5-(5-chloromethyl-2-n-pro^

'd]pyrimidin-7-cne (0.5 g, 0.0013 mol) in ethyl acetate (50 ml) was stirred with 10% palladium on charcoal cat-

alyst under a hydrogen atmosphere at 50 p.s.i. and room temperature. After 1 hour, the mixture was filtered

and the filtrate evaporated under vacuum to give a pale green solid. Chromatography on silica gel (4 g) using

a methanol in dichloromethane elution gradient gave a white solid, crystallisation of which from hexane-ethyl

acetate gave the title compound as colourless needles (0.12 g, 26%). m.p. 115-116X. Found: C,66.66; h,7.12;

•N. 16.55. C 1£H24N<02 requires C.67.04; R.7.11; N.16.46%.
.
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EXAMPLE -37 '

- 5.(5.Hvdroxymethyl-2-n-propoxyphsnv^

s To a solution of
5.(5<hloromethyl-2-n-propoxyphenyl)-1-meihyl-3-n-propyl-1,6-dihydro-7H-pyrazo!o[4,3-

dlPvrimidin-7-one (0.5 g. 0.0013 mol) in dimethyl sulphoxide.OO ml) was added sodium hyoroxide (0.26 g,
-

0 065 mol) and ethylene glycol (0.41 g. 0.0065 mol). The reaction mixture was heated at 100°C for 6 hours,

allowed to cool and poured into water (50 ml), then the aqueous mixture extracted with ethyl acetate (3 x 30

ml) The combined extracts were filtered, dried (Na2SO,) and evaporated under vacuum to provide an oil which

10 was purified by chromatography on silica gel (6 g), using a methanol in dichloromethane elution grad.ent (0-

3% methanol) The solid product was crystallised from hexane-ethyl acetate to afford the title compound as a

white solid (2%). m.p. 174-175'C. Found: C.63.97; H.6.66; N.15.57. C t9HwN,0, requires C.64.03; H.6.79; •.

- N,15.72%.

?5 EXAMPLE 33
; _ _/ _ _

'

.
. .

5.(5-Ethoxymethyl-2-n-propoxyphenvlV1-methyl-3-n-propvl-1.6-dihydro-7H-pyrazo!o(4,3.d1pyrimid;

Sodium (0 15 g 0.0013 mol) was added portionwise to etharvpl (40 ml) over 1 hour. 5-(5-Chloromethyl-2-

20 n-propoxyphenyl)-1-methyl-3-n-prppyl-1,6.dihy
dro-7H-pyrazolo[4,3- dlpyrimidin-7-pne (0.5 g 0.0013 mol)

was then added to the solution and. after 3 days at room temperature, the solvent was removed by evaporation.^

under vacuum The residual solid was suspended in water (50 ml) and the suspension extracted with ethyl acet-

ate (3 x 30 ml) The extracts were then combined, dried (Na2SO«) and evaporated under vacuum io give a green

solid. Chromatography on silica gel (6 g) using a methanol in dichloromethane elution gradient gave aftencrys-

25 taxation of the required product from a hexane-ethyl acetate mixture; the title compound ac- a wh.te solid (0.2

g. 39%) m.p. 89-90'C. FoundrC.65.87; H.7.57; N.14,66. C2,H^,03 requires C.65.60; H.7.34; N.14.57 /».

.
EXAMPLE 39 •

so 5.^2-Hydroxyethoxyn^^
- midin-7-one

This compound was prepared from 5-(5-chlor6methyl-2-n-propoxy-pheny^1-methyl-3-n-propyl- 1,6-dihy-

• dro-7H-Dvrazoior4,3-d]pyrimidin-7-one and ethylene glycol following the procedure of Example 33 and was ob-

35 tained as a white solid (45%). m.p. 101-102'C. Found: C.63.13; H.6.SS; N.13.98. C 21K28N40. requires C.62.93;

H.7.05; N. 13.99%. .

EXAMPLE40 .

40 1-Methyl-5-[5-(2-morDholinoetho^

d]pyrimidin-7-one

(a) Methanesulphonyl chloride {0.56- g. 0.0049 mol) was added to a stirred solution of 5-[5-(2-r,ydroxye-

thoxymethyl)-2.n-propo*phenylK.-me^

<5 (1 .8 g, 0.0045 mol) in pyridine (25 ml) at 0'C. After 18 hours at room temperature, the solvent was remov d

by evaporation under vacuum and the residue partitioned between 2N hydrochloric ac.d (30 ml) and
di-

chloromethane (30 ml). The aqueous layer was separated and extracted with dichloromethane (2 x 30 ml).

. then the organic solutions combined, dried (NaaS04) arid evaporated under vacuum to give a brown oil.

Chromatography on silica gel (1 2 g) using a methanol in dichloromethane elution grad.ent (0-3 /^methanol)

so gave an oil. trituration of which with hexane. followed by crystallisation from hexane-ethyl iachate
,

jave

the required mesylate as white crystals (0.19 g. 9%). m.p. 74-76-C. Found: C.55.71; H.6.25; N,1

.

C^HsoN^eS requires C.55.21; H.6.32; N.11.71%.
;• __..

'

(b) Morpholine (0.19 g. 0.0021 mol) was added to a solution of the above mesylate, namely - [5-u-rnc

thanesulphonyloxyethoxymethyl)-2-n-propoxyphenyll-1-methyl-3-n-propyl-1.6-dihydro-
7H-pyrazoioi4 o-

55 d]pyrimidin-7-one. (0.20 g, 0.00042 mol) in acetonitrile (25 ml) and the stirred mixture was heated under

reflux for 18 hours. The solvent was removed by evaporation undervacuum.the residue absolved m satu-

rated aqueous sodium carbonate solution and the solution extracted with ethyl acetate (3 x 20 mi), in-

"

extracts were combined, dried (Na2SO<) and evaporated under vacuum, and the res.due was chrcmato-
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oraphed on silica gel (4 g) using an elution gradient of methanol in dichloromethane (0-2% methanol). Evap-

oration under vacuum of the appropriate fractions, followed by crystallisation from hexane, gave the title

compound as white crystals (0.098 g, 48%), m.p. 65-66°C. Found: C.64.17; H.7.69; N.14.96. C^H^NsOs

requires C63.94; H.7.51; N,14.91%.

EXAMPLE 41

5.(2-Elhoxy-5-methanesulphoham

7-one

Methanesulphonyl chloride (0.157 g. 0.00137 mol) was added to a stirred solution of 5-(5-amino-2-ethox-

yphenyi).1.methyi-3-n.propyl-1 (

6-dihydrc-7H-pyrazolo[4>d]pyrimidin.7-one (0.45 g, 0.00137 mol) in dry pyr-

idine (30 mt) at 0°C. The mixture was stirred for 18 hours at room temperature and then evaporated under va-

cuum. The residue was suspended in saturated aqueous sodium bicarbonate solution (50 ml) and the mixture

extracted with dichlcromethane (2 x 30 mi). The organic extracts were combined, washed with brine (2 x 30

ml), dried (Na 2S04) and evaporated under vacuum. The residue was triturated with ether, chromatographed

on silica gel (12 g). eiuting with a 98.5:1.5 mixture of dichloromethane and methanol, and the required product

crystallised from ethy! acetate-hexane to give the title compound as a white powder (0.32 j, 56%), m.p. 205-

206 e C. Found: C.53.63; H.5.66; N, 17.24. C 1£H23N.AS requires C.53.32; H.5.72; N,17.27%.

EXAMPLE 42 ,

5-[2-Ethoxy-5-(3-morpholinopro

c'1py7imidin-7-one

The title compound v/as prepared from-5-{5-amino-2-ethoxyphe

pyrazo!o[4,3-d]pyrimidin-7-one and 3-mcrphoiinopropylsuIphonyI chloride, following the procedure of Example

41 , and was obtained as brown crystals (1 4%), m.p. 1 57-159 cC. Found: C.55.42; H.6.53; N.1 6.01
.
^H^O^S

requires C.55.58; H.6.61; N.16.21%.

EXAMPLE 43

5-R-Ethoxy-5-(4-m6thy!-1-piperazinyl)sulphor.am

lo[4,3-d]pyrimidin-7-one

The title compound v/as prepared from 4-methyM-piperazinylsulphonyl chloride and 5-(5-amino-2-ethox-

yphenyl)-1-methyi-3-n-propy!-1,6-dihydro-7H-pyra2oIc[4>d]pyrimdin-7-one t
following the procedure of Ex-

ample 41, and was obtained as an orange powder (13%), m.p. 152-153°C. Found: C.54.32; H.6.33; N.19.88.

C^H^NtCuS requires C.53.97; H.6.38; N.20.03%.

EXAMPLE 44

5-I5-(A-3enzyM-piperazinyisulph

lo[4,3-d]pyrimdin-7-one

4-BenzyM-piperazinylsulphonyl chloride (Preparation 19, 0.9 g, 0.0029 moi) was added to a stirred solution

of 5-(5,amino-2-ethoxy-pher.^
(0,94 g '

0.0029 mol), 4-dimethylaminopyridine (0.050 g, 0.00041 mol) and triethylamine (1.09 g, 0.01 08 moi) in dichloro-

methane (50 ml). The solution was stirred at room temperature fcr 48 hours and then evaporated under vacuum.

The residue was suspended in saturated aqueous sodium bicarbonate soiution(50 ml) and the suspension ex-

tracted with dichloromethane (3 x 30 ml). The organic extracts were combined, washed succesively with satu-

rated aqueous sodium bicarbonate solution (2 x 20 ml) and brine (3 x 20 ml), dried (Na 2SO<) and evaporaiea

under vacuum. The residue was chromatographed cn silica gel (20 g) using a methanol in dichloromethane.

elution gradient (0-4% methanol), and the required product crystallised from ethyl acetate-hexane to 9 ive^
title compound as an off-white powder (0.185 g, 11%). Found: C.58.30; H,6.20; N.16.80. ChHmNtC^S; o.5H 20

requires C.53.52; H.6.31; N.17.06%.

m
m
'Him
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PREPARATION 1

.i.Methvl-3-n-propy1pyrazole-5-carboxylic acid ethyl ester

A mixture of 3-r.-propylpyrazole-5-carboxy!ic acid ethyl ester (24.1 g, 0.132 mol) (prepared by the method

of Chem. Phorm. Bull., 1984. 32, 1568) and dimethyl sulphate (16.8 g. 0.133 mol) were heated to 90-Cuir 2.5

hours Them cture was dissolved in dichloromethane and the solution .washed with aqueous sodium carbonate

solution The oraanic phase was separated, dried (MgS04 ) and evaporated under vacuum to give a solid. Chro-

matography on silica gel (300 g), eluting with dichloromethane. gave the product as a colourless oil (20.4 g,

10 79%). Rf 0.8 (silica, dichloromethane, methanol, acetic acid; 80:20:1).

PREPARATION 2

1-Methyl-3-n-propylpyrazoIe-5-carboxylic acid

15
'

-|.MethyI-3-n-propy]pyTa2oie-5-cart)oxylic acid ethyl ester (20.2 g, 0.10 mol) was suspended in 6N aqueous

sodium hydroxide solution (50 ml, 0.30 mol). The mixture was heated to 80°C for 2 hours th*n diluted with water

(
c0 ml) and acidified with concentrated hydrochloric acid (25 ml). Filtration gave the ca^oxylic acid as pa!e

brown crystals (12.3 g. 71%). m.p. 150-154°C. Found: 0,56.99; H.7.25; N.16.90. C£H 12N 20 2 requires C.57.13;

20 H,7 19; N, 16.66%.

PREPARATION 3

1-r/ethyl-4-nitro3-n>propylpyr32ole-£-carboxylic acid
.

- ,
.

25 .

VWethy]-3-n-propyipyra2c!e-5-carboxyiic acid (12.1 g, 0.072 mol) was added portionwise to a mixture of

oleum (1 3 ml) and fuming nitric acid (11 ml), keeping the temperature below 60°C. After the addition, the mixture

was heated at 60°C overnight and then cooled to room temperature before being poured onto ice; filtration then

gave the nitropyrazole as a white solid (11.5 g. 75%). m.p. 124-127°C. Found: C.45.43; N,5.22; N.19.42.

so CSH :1 N304 requires C.45.57; H.5.20; N,19.71%.

PREPARATION 4
.

35

45

50

1 - Mp.thyl-4-nitro3-n*propylpyrazo!e-5-carboxamtde

1-Methyl-4-r.itro-3.n-propylpyraz6le-5-carboxyi;c acid (1 1 .3 g, 0.053 mol) was added to thionyl chloride (50

ml) and the resulting mixture heated under reflux for 3 hours. The reaction mixture was then cooled and excess

thionyl chloride removed by evaporation under vacuum. The oily residue was dissolved in acetone (50 ml) and

the solution cautiously added to a mixture of ice (50 g) and concentrated aqueous ammonium hydroxide solution

ao (50 ml). The precipitate was collected by filtration to piovide the pyrazolecarboxamide as a pale yellow soikJ

(8.77 g. 78%), m.p. 141-143*C. Found: C.45.22; H.5.71; N.26.12. C8H 12N403 requires C.45.28; H.5.70;

N,26.40%.

PREPARATIONS

4-Anri;no-1-methyl-3-n-propyIpyra2ole-5*carboxamide

1-Methy1-4-nitro-3-n-propyIpyrazoIe-5-carboxamide (3.45 g, 16.2 mmol) and stannous chloride dihydrate

(18.4 g, 81 mmol) were suspende in ethanol and the mixture heated under reflux for 2 hours. The resulting

solution was cooled to room temperature, basified to pH 9 by the addition of 2N aqueous sodium hydroxide

solution and extracted with dichloromethane (3 x 150 ml). The organic extracts were combined, dried (MgSO*)

and evaporated under vacuum. Trituration of the residue with ether gave the aminopyrazole as an off-white

solid (2.77 g, 94%), m.p; 98-101°C. Found: C.52.S4; H,7.81; N,30.38. C8HUN*0 requires 0,52.73; H.7.74;

N,30.75%.

55

22
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PREPARATION 6 .
•

4-(2-Ethoxybenzamicio>-1-methyl-3-n-propylpyrazole-5-c3rbc,xamide

A solution of 2-ethoxybenzoyl chloride (6.1 g. 33.0 mmol) in dichloromethane (50 ml) was added to a stirred

solution of 4-amino-1-methv1-3-n-propy1pvrazole-5-carboxamide (3.0 g, 16.4 mmol), 4-dimethylamincpyndine

(0 02 g 0 164 mi, ol)' and triethylamine (3.34 g. 33.0 mmol) in dichloromethane (50 ml) at O'C. The resulting

mixture'was allowed to warm to room temperature and stirred for a further 2 hours. The solventwas evaporated

under vacuum the residue dissolved in a 19:1 mixture of dichloromethane and methanol (250 ml), and then

the solution washed with 1N hydrochloric acid (100 ml), dried (MgS04 )
and evaporated under vacuum. The

crude material was chromatographed on silica gel (200 g). eluting with a 97:3 mixture of dichloromethane and

methanol, to give a pink solid; crystallisation from ethyl acetate-hexane gave the pyrazole-S-carboxam.de as

a pale pink solid (2.2 g. 40%). m.p. 153-1 55°C. Found: C.61.66; H.6.77; N.16.95.CH^Oo requires C.61.60;

H.6.71; N, 16.96%.

PREPARATION 7

5-(2-Ethox7phenvlV1-methyl-3-n-orcpvl-1^6-dihydro-7H-pyl azolo[4.3-dlpyrimidin-7-one

2C 4-(2-Ethoxybenzamido)-1-methyl-3-n-propylpyra2ole-5-carboxamide
(223 g. 0.676 mol) was added por-

tionwise to a solution of sodium hydroxide (54 g. 1.35 mol) and 30% hydrogen peroxide solution (<24 ml) .n

- water (2000 ml). Ethanol (700 ml) was added and the resulting mixture heated under reflux for2.5 hours, cco.ed

then evaporated under vacuum. The resulting solid was treated with 2N hydrochloric acid (380 ml), w.th external

cooling, and the mixture was extracted with dichloromethane (1 x 700 ml.- 3 x 200 ml). The combmed organic

25 extracts were washed successively with saturated aqueous sodium carbonate solut.cn (3 x 400 m,; and bnne

(300 ml). then dried (Na-*S04) and evaporated under vacuum.
(

Chromatograph of the residue on sOica gel d 000 g). using a methanol in dichloromethane elu on grad.n

(0-1% methanol), followed by trituration of *e crude product with ^her (300 mO gave the tide compound a

a colourless solid (152.2 g. 72%). m.p. 143-146'C. Found: C.65.55; H.6.44; N.18.14. 0,^,0, requires

30 C.65.36; H.6.45; N.17.94%.

PREPARATION 8

5-(5-Bromoacetyl-2-ethoxynheny1)-1-methvl-3-n-propvl-1.6-dihydro-7H
-ovrazolo[4,3-dlpyrimidi

Aluminium trichloride (1 2.8 g. 0.096 mol) was added portionwise over 1 hour to a sHrred solution of 5-^

ethoxyphenyI)-1-methyl-3-n-propyl-1.6-dihydro-7H-pyrazclo[4.3-d]Pyrimidin-7-one (10 0 g.

bromoacetyl bromide (5.6 ml. 0.054 mo.) in dichiorcmethane (150 ml) at 0-C. After 18 ^urs a room^temper-

ature, the reaction mixture was poured into ice and water (400 g) and the resulting rmxture^J*™**
<o The organic phase was separated and the aqueous phase further extracted w.th dichloromethane (2 x 1 00 mI).

The organic solutions were combined, dned (Na 25U«, «..— - —
- -

iRn°r Poind-
trituration ofwhich from ether gave the title compound as a white solid (1 0.87 g. 78%). m.p,159-1 60 C. Found.

C.52.54; H.4.88; N.12.78. C1sH2,BrN,03 requires C.52.67; H.4.88; N.12.93%.

45 PREPARATION 9

1-Msthyl-4-(2-n-propoxybenzamido)-3-n-propvlpyrazole-5-carboxamide

This amide was prepared from 2-n-propoxybenzoyl chloride following the pr^e described inPrepa-

requires C.62.77; H.7.02; N.16.27%.

PREPARATION 10

55 1-Methyl-5-(2-n-propox>-phenyl)-3-rHPropyi-1.o-dihvdro-7H-pvrazolo[4.3-dlpyrimidin-7^

1-Methy1-4-(2-n- Prop«xybenzamid^^^^

a stirred mixture of 30% hydrogen peroxide solution (1.0 ml), potassium carbonate (0.54 g. 3.92 mmd). w-ter
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(1[) mn and ethano, (5 ml) The mixture was heated under reflux for 38 hours and then evaporated under va-

{^£^™Lw<« water (20 m,). then the suspension acidified with 2N hydrochloric acid

and extracted with dichloromethane (3 x 20 ml). The extracts were combined, dned (Na 2SO<) and evaporated

und-r vacuum. The resulting residue was chromatography on silica gel (6 g). using a methanol ,n d.chloro-.

methane elution gradient (0-1% methanol), to give an oil. successive trituration of wh,ch w,th ether gave the

Tequired product as art solid (0.19 g. 59%). m.p. 111-114=0. Found: C.66.26; H.6.92; N.17.15. C^N.O,

.

requires C.66.23; H.6.8U; N.17.17%.

PREPARATION 11

fv(5.Brofnoacetyl-2-n.DroDoxvphen^

Aluminium trichloride (6.0 g. 0.045 mol) was added portionwise to a stirred solution of 1-methyl-5-(2-n-

propo^P^ (5-° °-° 153T > ^^f;
«M chloride (2.5 ni 0 0303 mo.) in dichloromethane (100 ml) at 0«C. The reacfon mature was allowed o

warm to room temperature, stirred for 1 8 hours, heated under reflux for 3 hours anc ther
-
added cautiously to

e and water (100 g). The resulting mixture w.s stirred for 1 hour and extracted w,th d,chlorometha,,a (2 x 50

m ) The combLed organic extracts were washed with brine (2 x 50 ml), dned (Na2SO,). then evaporate under
.

vacuum to give an off-white solid, which was triturated with ether to give the title compound as a wh.te solid

(4 1 g 60%). A small sample was crystallised from ethyl acetate-hexane to give the pure
i

product, m.p. 136-

137°C. Found: C !
53.82;H.5.24;N.12.57.C,0H23BrN,O3 requires C,53.70;H.5.18-N,12.52vo.

PREPARATION 12 .

25 5-Acetyl-2-ethoxybenzoic acid methyl ester

lodoethane (16.4 g. 0.105 mol) was added to a stirred mixture of S-acetyl-^hydroxybenzo^ acid me^

este (10 g. 51.5 mol) and anhydrous potassium carbonate (14.4 g. 0.104 mol) in 2-bulanone (200 ml) and the

result ng mixture heated under reflux for 3 days. The solvent was removed by evaporation under vacuum and

Z residue partitioned between water (100 ml) and ethyl acetate (100 ml). The aqueous phase was removed

and extracted with further ethyl acetate (4 x 100 ml). The organic solutions were oonbrned.

and evaporated under vacuum. The residue was chromatographed or. silica gel (1 30 g .
us.ng « anol ,„.

dichloromethane elution gradient (0-1% methanol), to give the title compound as colourless crystals (10.15 g.

89%). m.p. 50-55°C: Found: 0.64.38; H.6.33. C12Hu04 requires C.64.85; H.6.-5 ,o.

PREPARATION 13

5-Acetyl-2-ethoxybenzoic acid

A mixture of 5-acetyl-2-ethoxybenzoic acid methyl ester (9.6 g. 0.043 mol). 5M aqueous sodium hydroxide

solution (44 ml. 0.217 mol). water (80 ml) and 1.4-dioxan (80 mi) was stored at room temperature «o» *™£
T'.e solvent was removed by evaporation under vacuum, the residue dissolved in water (100 ml) and the re-

lu^g soiuSacidified to pH 1 with concentrated hydrochloric acid. The aqueous mixture was extracted

-

ettyl acetate (4 x 100 ml) and the combined extracts dried (N^SO.) and evaporated under vacuum./Th.
.

n>

sui«ng solid was crystallised from ethyl acetate to give the title compound as a colourless sol,d.(5.4 g. 60 ,.).

m.p. 122-125'C. Found: C.63.20; H.5.81. C„H,204 requires C.63.45; H.5.81%.

30

35

40

4S

PREPARATION 14

50 5-Acetyi-2-ethoxybenzoyl chloride

Ox«M chloride (3.66 g. 0.029 mol) was added dropwise to a stired solution of 5-acê -2 - e*^b*n"^
acid (3 0 g. 0.014 mo.) in dichloromethane (15 ml) and dimethylformarnide (0.1 ml). After 3 hour, at room tem-

perature, the solvent was removed by evaporation under vacuum and the residue azeotroped w.lh nexane (3

55 x 30 ml) to give the title compound, which was used without further purification.
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PREPARATION 15

4- (
5-Acetyl-2-ethoxybenzamidoM-methyl-3-n-propylpyrazole-5-caft>oxamide

The tide compound was prepared from 5-acetyl-2-ethoxybenzoyl chloride and 4-amino-1-methyl-3-n,pr->

pylpyrazole-5-carboxamide following the procedure of Preparation 6, and was obtained as a white solid (S0%),

m.p. 225-227°C. Found: C.:. 1.35: H.6.25; N.15.07. C, 9H24N<04 requires C.61.28; H.6.50; N,15.04%.

PREPARATION 16

5-(5-Chloromethyl-2-n-propoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydr
o-7H-pyrazolo-[4^d|pyrirndin-7-one

1-Meth>d-5-(2-n-propoxyphen>1)-3-n-propyl-1>dihydrc-7H-pyrazolc[4,3-d]?yrirnidin-7.one (0.80 g,

0 00246 mol) was added portionwise to stirred concentrated hydrochloric acid (10 ml) at room temperature.

is Paraformaldehyde (0.20 g'. 0.00248 mol) was then added and the resulting solution stirred at 120eC for 22

hours The reaction mixture was cooled and poured into ice and water (50 g), then the resulting mixture ex-

tracted with ethyl acetate (3 x 30 ml). The organic extracts were combined, dried (NajSO*) and evaporated

under vacuum to give a white solid. Trituration with ether, followed by crystallisation from ethyl acetste-hexane,

gave the title compound as colourless crystals (0.65 g, 70%), m.p. 102-104'C. Found: C.60,91; H.6.14;

20 -i.14.94. C^HaCINUOz requires C.60.88; H.6.1 8; N,14.95%.

PREPARATION 17

5-(2-Ethoxy.5-nitophenvn-1-methyl-3-^

Concentrated nitric acid (0.5 ml) was added dropwise to a stirred solution of 5-(2-ethoxyphenyl)-1-meihyt-

"
3-r-propyl-1.6-dihydro-7H-pyrazolo[4,3-d)pyrimidin-7-one (2.0 g. 0.0064 mol) in concentrated sulphuric acd

(10 ml) at 0«C. and the resulting orange solution was stirred at room temperature for 18 hours. The reaction

solution was then added dropwise to stirred ice and water (200 g) and the solid precipitate collected by f .Itration.

3a This solid was then dissolved in dichloromethane (50 ml) and the solution washed successively witn brine (2

• x 30 mO and water (30 mi), dried (Na 2S04) and evaporated under vacuum to give a yellow solid. Crystallisation

from acetonitrile gave the title compound as yellow needles (1.40 g, 61%). m.p. 214-216»C. Found: C.57.36;

H.5.21; N.19.49. C17H,9N 504 requires C.C7.13; H.5.36; N.19.60%.

35 PREPARATION 18

5-(5-Amino-2-ethoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7K-pyrazolo[4,3- dlpyrimidin-7-one

5-(2-Ethoxy-5-nitrophenvl)-1-methyl-3-n-propyl-1.6-dihydro-7H-pyrazolo[4.3.d]pyrimidin-7-one (0.64 g,

aq o 0018 mol) was dissolved in ethanol (50 mi) and the solution stirred with 5% palladium on charcoal catalyst

(0 050 g) under hydrogen at room temperature and 50 p.s.i. pressure for 4 Hours. The mixture was filtered to

remove the catalyst, the filtrate evaporated under vacuum, and the residue triturated with ether to give the
i

t.Ue

compound as an off-white solid (0.56 g. 95%). m.p. 147-148'C. Found: C.62.63; H.6.60; N.21,57. C 17H 2,N 502

requires C.62.36; H.6.47; N.21.39%.

45

SO

PREPARATION 19

4-Benzy!-1-piperazinylsulphoriyl chloride

Asolution of 1-benzylpiperazine (20.0 g. 0.114 mol) in acetronitrile (45 ml) was added to a solution of^sul-

phuryl chloride (28 ml. 0.346 mol) in acetonitrile (50 ml) and the mixture heated under reflux for 17 hour*
.

«.e..

cooled. The solvent was removed by evaporation under vacuum, then the residue triturated wun eUier (20 x

50 mi) to yield the title compound (27.8 g. 69%). which was used without further purification.

55 Biological activity

The following Table Dlustrates the in vitro activities for a range of the compounds of the invention.
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TABLE

- TN VITRO ^PDE UflUBITORY DATA:

.qFr.yrTTvrTV between rArrrnw/cM.jVjODur.'nj rca/CAH)-

JS\ ^PENDENT cQ<P PDE AND "cQlP-33^HIBITED • C^>1P FDE

IC,n
(nM) sELExirrvrry

PATIOCG<fP. . cAMP

3 2.2 * 86,000 39,090;

4- 1-8 53,000 35,000 .

11 4.9 57,000 11,632

14 1..0 57,000 57,000

15 3.4 '75,000 '22,058

,15 3.7 53,000 14,324

20
'

"; 3.7 59,000 15,945

25 3.4 84,000. 24,705

29 5.5 - 84,000 15,272

30 1.4' ' 58,000 41/423

31 ,

3.4 55,000 3.6,470

32 " 1.4 . 38,000 27,142,

39 5.3 54,000 10,188

Safety profile

Certain compounds of the invention have been tested at therapeutic doses of up to 1 mg/Kg i.v.

3 mg/Kg p.o. in rats with no signs of adverse acuta toxicity being observed. In mice, no deaths occu

doses of up to 100 mg/Kg Lv.

Claims

1. A compound of formula:

O r 1
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or a pharmaceutical^ acceptable salt thereof,

wherein

R' is H; C,-C3 alkyl optionally substituted with one or more fluoro substituents; or C3-C5 cycloalkyl;

R2 is H. or CyCt alkyl optionally substituted with one or more fluoro substituents or with C3-C„ cy-

cloalkyl; .

"

R3 is C,-C6 alkyl optionally substituted with one or more fluoro substituents or wuh C3-C6 cycloalkyl;

Cj-CsCydoalkyllCj-CB-kenyl-.orCj-Csalkynyl;

R* is C,-C« alkyl optionally substituted with OH, NR*R«. CN, CONR*R« or C02R7
; Cz-C, alkenyl op-

tionally substituted with CN. CONR*R« or C02R7
; CrC4 alkanoyl optionally substituted with NRW; hy-

droxy 0,-C, alkyl optionally subfrtuted with NR*R«; (CrC, alkoxyJC-Cj alkyl optionally substituted with

OH or NRSR8
;
CONRSR"; C02R7

; halo; NR5Re
;
NHS02NR*R8

; NHS02 R«; or phenyl or heterocyclyl either

of which is optionally substituted with methyl;

Rs and R« are each independently H or C,-C4 alkyl, or together with the nitrogen atom to which they

are attached form a pyrrolidinyl. piperidino. morphoiir.o. 4-(NR*)-piperazinyl or imidazolyl group where.n

said group is optionally substituted with methyl or hydroxy;

R7 !s H or Cy-Ct alkyl;

rs is c,-C 3 alkyl optionally substituted with NRSR6
: .

R3 is H; C,-C3 alkyl optionally substituted with phenyl; hydroxy C2-C 3 alkyl; or C,-C4 alkanoyl.

A compound as claimed in claim 1 wherein R1 is H. methyl or ethyl; R* is C,-C, alkyl; R3 is C2-C3 alkyl; R*

is C-Cz alkyl optionally substituted with OH. NRW. CONRW or C02«7
;
acetyl optionally substituted with

NRSR6 " hydroxyethyl substituted with NR5R8
;
ethoxymethyl optionally substituted w.th OH or NR-R6

;
CH-

=CHCN- CH=CHC0NR5R6; CH=CHC02R7
;
C02H; CONRW; Br, NRSR6

; NHS0 2NR*R«; NHS02R8
;
or py r-

idyl or imidazoM either of which is optionally subtituted with methyl; R5 and R« are each independently H.

methyl or ethyl.*or together with the nitrogen atom to which they are attached form a pipend.no. morpho.ino,

4-(NR3)-1-piperazinyl or imidazolyl group wherein said croup is optionally substituted with methyl or hy-

droxy; R7 is H or t-butyl; R» is methyl or CH2CH2CH 2NRW; and R* is H, methyl, benzyl. 2-hydroxyethyl

or acetyl.
"

A compound as claimed in claim 2 wherein R1 is methyl; R2 is n-propyl; R» is ethyl or

CH,NRW. CH2OCH2CH2NR=R* CH2OCH2CH3 .
CH2OCH2CH 2OH. COCH 2

NRSR*. CH(OH)CH2NRV«,

CK=CHCON(CH 3)2. CH=0HCO2R7
,
C02H. CONRSR*. Br. NHS02NR5Re

,
NHS02CH2CH 2CH 2NR*R«. 2-

pyridyl 1-imidazolyl or 1-methyl-2-imidazolyi; R*and R« together with the nitrogen atom to wh.ch they are

attached fcrm a piperidino. 4-hydroxypiperidino. morpholino. 4-(NR')-1-piperazinyl or 2-methyl- .-imida-

zolyl group; R7 is H or t-butyl; and R9 is H. methyl, benzyl. 2-hydroxyethyl or acetyl.

A compound as claimed in claim 3 wherein the said compound is selected from:
_

5-[2-ethoxy-5-(1-methyl-2-imidazoIyl)phenyl}--!-methyl-3-n-propyl-1.5-dihydro-7H-pyrazo!o[4.3-d]

pyrimidin-7-one; • _
5-[2-emoxy-5-{4-methyI-1-piperazinylcart)ony;)phenyl]-1-methyi-3-n-propyl-1 ,6-dihyaro- 1 H-pyrazc-

!o[4.3-d]pyrimidin-7-one; .

5-I5-(4-acatyl-1-piperazinyl)acetyl-2-ethoxypheny!]-1-methyl-3-n-propyI-1
,6-d.hydro-7H-pyraz Jo

T4.3-djpyrimidin-7-one;
'

. • .

5-(2-ethoxy-5-morphdinoac*tylphen^

and^S^^
din-7-one.

and pharmaceutically acceptable salts thereof. . '

-

A nharmaceutical composition comprising a compound of formula (I). or a pharmaceutically acce
J.|

able

salt thereof, as claimed in any one of daims 1 to 4. together with a pharmaceutically acceptable duuent

cr carrier. ,

Acompound offormula (I). or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition

containing either entity, as daimed in any one of daims 1 to 5. for use in medicine.

Th use of a compound of formula (1). or a pharmaceutically acceptable salt thereof, or a pharmaceutical

composition containing either entity, as daimed in any one of daims 1 to 5. for the manufacture of a med-
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icament for the treatment. of stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary

hypertension, congestive heart failure, atherosclerosis, stroke, peripheral vascular disease, conditions of

• reduced blood vessel patency, chronic asthma, bronchitis, allergic asthma, aMergic rhinitis, glaucoma or

diseases characterised by disorders of gut motility.

8. Amethod of treatino or preventing stable, unstable and variant (Prinzmetal) angina, hypertension, pulmon-

ary hypertension, Congestive heart failure, atherosclerosis, stroke, peripheral vascular disease, condi-

tions of reduced blood vessel patency/chronic asthma, bronchitis, allergic asthma, allergic rhinitis, glau-

coma or diseases characterised by disorders of gut motility, in a mammal (including a human being), which

comprises administering to said mammal an effective amount of a compound of formula (I), or a pharma-

ceutical^ acceptable salt thereof, or a pharmaceutical composition containing either entity, as claimed in

any one of claims 1 to 5.

Claims for the following Contracting States : ES, GR

1. A process for the preparation of a compound of formula:

or a pharmaceutical acceptable salt thereof,

33 wherein

R 1 is H; C,-C3 alky! optionally substituted with one or more fluqro substituents; or CrC 5 cycloaikyi;

R2 is H, or CrC6 sikyl optionally substituted with one or more fluoro substituents or with C 3-Ca cy-

cloalkyl;
,

'

R3
:s CrC a aiky! optionally" substituted with one or more fluoro subtituents or with C 3-Ce cycloa.kyl;

« C3-C5 cycloalkyl; C 2-C 6 alkenyl; or C3-C6 alkynyl;

R< is CrC, alkyl optionally substituted with OH. NR5R3
, CN, CONR5R6 or C02R7

;
CrC4 alkenyl op-

tionally substituted with CN, CONR5R fl or C02R7
; CrC4 aikanoyt optionally substituted with NR-R6

;
hy-

droxy CrC4 alkyl optionally substituted with NR5R6
; (CrC, a!kcxy)CrC 2 alky! optionally substituted with

OH or NRW; CONR*Rfi

; CC 2R7
; halo; NR 5R6

; NHS02NR5R fl

;
NHS02R*; or phenyl or he terocyclyl either

40 of which is optionally substituted with methyl;

RS and R« arc- each independently H or CrC< c!k>i, c: together with the r.itrc~c- ate- which they

are attached form a pyrrolidine piperidino. mcrpholino, 4.(NR*)piperazinyl or imidazolyl group wherein

said group is optinally substituted with methyl or hydroxy;

R7 is H or C n-C* alkyl;

R8 is d-C 3 alkyl optionally substituted with NR5R6
;

and
il

*

R9 is H; CrC3 alkyl optionally substituted with phenyl; hydroxy Cj-Ca alkyl; or CrC4 aikanoyt;

which comprises reacting a compound of formula (il):
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wherein R\ RJ and R3 are as previously defined in this claim, for a compound of formula (I) when R* is

(A) C2-C< alkanoyl or hydroxy Crd alkyl,

~~
with an acyl halide of formula (C,-C3 alkyl)COY wherein Y is halo, in the presence cf a Lews

and optionally followed by reduction of the resulting ketone to the corresponding alcohol;

(B) CrC alkanoyl or hydroxy CrC, alkyl. each substituted with NR5RS wherein R* and R« are as pre- .

viously defined in this claim, ...
with a te jscyl halide of formula X(C,-C, alkylene)COY wherein X is halo and Y is as previously

defined in this claim, in the presence of a Lewis acid, followed by reaction of the resulting haloketone

either with an amine of formula RSR6NH. optionally followed by reduction of the resulting amincketcne.

or with a protected amine of formula R5NHP, R*NHP or P'2NH wherein P and P' are suitable am.ne pro-

tecting groups, optionally followed by reduction of the resulting aminoketone before or after removal of

P or P'*

<C) C,-C4 alkyl optionally substituted with OH.NRW. CONRW or C02R7;wherein Rs
.
Rs and R7 are.

as previously defined in this claim, or bromo,

(0 under chloromethyiation conditions, followed by subjection of the resulting chloromethyl inter-

mediate to. respectively.

(a) reduction, or

(b) reaction with an alkali metal hydroxide, or

(c) reaction with an amine of formula RsR6NH; or

(d) reaction with an alkali metal cyanide and optionally converting the resulting nitnle to the cor-

responding amide, acid or ester or

(ii). under aromatic bromination conditions, followed by subjection of the resulting bromo derivative

to, respectively, .

(a) lithium-bromine exchange, followed by reaction of the aryllithium denvat.ve w.th ethy.ene ox-

ide to give the 2-hydroxyethyl derivative, or

Vb) reaction will a!!yl alcohol, followed by catalytic hydrogenation of the alkene to give the 3-ny-

droxypropyl derivative, or

(c) reaction with 3-buten-1-ol, followed by catalytic hydrogenation of the alkene to give Jie 4-
.

hydroxybutyl derivative, and optional conversion of any of the foregoing alcohols to the corre-

sponding alkane. amine or nitriie by activation of their respective hydroxy groups to give the cn.or-

ide or mesylate followed by reduction, or reaction with an amine of formula R5R6NH, or reaction

with an alkali metal cyanide, respectively, and further optional conversion of the said nitnle to

the corresponding amida or ester; 1A L
'.
tl . ... riJ

(D) CrC alkenvl 2-substituted with CN. CONR*R» or C02R7
. or CrC4 alkyl 2-subst.tuted with CN,

' CONRSR6 C02R7 or CH2NH2 . wherein Rs
, Rs and R7 are ?z previously defined in this claim.

via the bromo derivative of (C) (ii) above, with the appropriate a, p-unssturated nitnle. amide or

ester respectively, optionally followed by hydrolysis of any resulting ester, reduction of the resulting al-

kenyl group and. in the case of the nitriie. further or concomitant reduction of the nitnle group to the

corresponding primary amine; 5

(E) CVC< alkenyl. or CrC alkyl. esch optionally subsituted with CN. CONRSR* or C02R7 where.n R .

R6 and R7 are as= previously defined in this claim,

via the bromo derivative of (C) (ii) above, with a lithium-bromine exchange reagent.

subjection of the aryllithium derivative to formation, and reaction of the resulting aldehyde with the

appropriate optionally CN-. CONR*R«- or CO^-subsliluted C,-C3 alkyl phosphonium salt or phos-

phonate. optionally followed by hydrolysis of any resulting ester and reduction of the resulting alkenyl

(CrC, a!koxy)C,-C2 alkyl optionally substituted with OH or NR*R« wherein R5 and R* are as previ-

ously defined in this claim,

(i) via the chloromethyl derivative of (C) (i) above, with either

• (a a C2- or C3-a!kanol. or . ..„„„,,„
lb) a Cr or C,-diol, optionally followed by activation of the hydroxy group to g.ve the

SrTd reaction either with an amine of formula R*R«NH. or with a protected amine o. formu,-

R5NHP R6NHP or P'2NH wherein P and P' are as previously defined in tnis claim, or

(ii) via the bromo derivative of (C) (ii) above, with a lithium-bromine exchange reagent.

reaction of the aryllithium derivative with ethylene oxide to give the 2-hydroxyethyl der.vat.ve. and

activation of the hydroxy group and further reaction as in (i) (a) or (i) (b);

(G) CCNR£R5 or C02R7 wherein R«. R* and R7 are as previously defined in this claim.

— ^ the bromo derivative of (C) (ii) above, with a lithium-bromine exchange reagent, fo.lowed oy
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reaction of the aryliithium derivative with carbon dioxiCr\ and conversion of a suitably activated form

of the resulting carboxyiic acid to an amide or ester derivative by reaction with an amine of formula

R5R£NH or alcohol of formula R7OH respectively;

(H) NH2 . halo, NHSG2NR5R8 or NHS0 2R8 wherein halo is fluoro, chicro, bromo or iodo, and R5
,
R6 and

R*~are as previously defined in this ciaim,

under aromatic nitration conditions, followed by reduction of the resulting nitro compound to the

corresponding primary <; nine, and subjection of the said amine to, respectively,

(a) a conventional diazotisation-halogenation reaction sequence, or

(b) reaction with either a sulphamoyl halide of formula R5R6NS02halo or a sulphonyl halide of for-

™ia RSS02halo, wherein halo is preferably chloro, or reaction with sulphamide when both R5 and

R6 are H;

(I) phenyl or heterocyclyl, either of which is optionally substituted with methyl.

~~
via the bromo derivative of (C) (ii) above, with either

(i) when R4
is optionally substituted phenyl or C-linked heterocyclyl, the appropriate optionally sub-

stituted phenyl or heterocyclyl zincate derivative in the presence of a palladium catalyst, or

(ii) when R* is N-linked heterocycie, the appropriate heterocycie in the presence of copper-bronze,

iodine and a base;

followed in each case, by optional isolation as, or formation of, a pharmaceutical^ acceptable salt of the

product.

A process for the preparation of a compound of formula (I), or a pharmaceutical^ acceptable salt thereof,

wherein R\ R2
, R3 and R4 are as previously defined in claim 1, which comprises reacting a compound of

formula (II)! wherein R3 is H and R' and R2 are as previously defined in claim 1 .
according to any process

defined in claim 1 followed by O-alkyiation of the phenolic group to introduce R3 and optional isolation as,

or formation of, a pharmaceutical^ acceptable salt of the product

A process for the preparation of a compound of formula (l). or a pharmaceutical^ acceptable salt thereof.

wherein R\ R2
. R3 and R4 are as previously defined in claim 1, which comprises reacting a compound of

formula (X):

R30

COY (X)

wherein Y is chloro or bromo, and R3 and R4 are as previously defined in claim 1. with an aminopyrazole

of either formula (VII) or formula (VIII):

H 2NOC^

R1

i

N *>
RT
I

/
N

H2N

1
NH

R2 R2

(Vlll)(VII)

wherein R 1 and R2 are as previously defined in claim 1. followed by cyciisaticr. of the respective resulting

amides by treatment with a base, optionally in the presence of hydrogen peroxide, and optional isolation

as, or formation of, a pharmaceutical^ acceptable salt

A process as claimed in claim 1 wherein

in (A), Y is chloro or bromo, the Lewis acid is aluminium chloride or aluminium bromide, and the reducing
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agent is sodium borohydride;

in (B), X and Y are chloro or bromo, P is benzyl and is removed by catalytic hydrogenation. and ?' is

.t-buioxycarbonyl and is removed using hydrogen chloride;

in (CJ.

70 the chloromethyistSon is carried out using paraformaldehyde and concentrated hydrochloric acid,

and

(a^the -eduction -is effected by palladium-catalysed hydrogenation,

(b) the alkali metal hydroxide is sodium hydroxide or potassium hydroxide, -

(c) the reaction with R:R6NH is carried out using an excess of said amine,

(d) the alkali metal cyanide is sodium cyanide or potassium cyanide;

(ii) the aromatic bromination is carried out using N-bromosuccinimide, and
t m~

(a) the lithium-bromine exchange is effected using n-butyliithium f

(b) the reaction with ally! alcohol is effected under Heck reaction conditions,

(cj* the reaction with 3-buten-1-ol is effected under Heck reaction conditions;

in (D), the reaction with the appropriate a.p-unsaturated nitrile. amide or ester respectively, is effected

undl? Heck reaction conditions using tri-o-tolylphosphine, palladium(ll) acetate and triethylamine. the

optional hydrolysis of the ester is achieved using aqueous sodium hydroxide solution in methanol, the

optional reduction of the aikenyl group is effected by palladium-catalysed hydrogenation, -nd the op-

tional further or concomitant.reduction^ the nitriie group is carried out using Raney nickel in glacial

acetic acid; .

in (£), the lithium-bromine exchange is effected using n-butyilithium, the formyiation reagent .s dime-

thylformamide, and the alkene -reduction is achieved by catalytic hydrogenation; ,

in (F), the reaction with

la) a C 2
- or C 3-alkanol, is carried out in the presence of one equivalent of sodium metal, or

(b) a C2
- or C 3-diol, is carried out in the presence of one equivalent of sodium metal, the hydroxy

'

^>up is converted to its mesylate using mesyl chloride in pyridine as solvent, and the reaction with

R5ReNH is carried out using an excess of said amine; and

(ii) the lithium-bromine exchange is eifected using n-butyllithium;

*

in <G).ih~e lithium-bromine exchange is effected using n-butyllithium, and the canboxylic acid »s activated

using a carbodiimide in combination with 1-hydroxybenzotriazoIe;

in (H) the nitration is achieved using concentrated nitric acid in combination with concentrated sulphuric

acidTthe nitro compound is reduced by catalytic hydrogenation, the reaction with a sulphamoyl chloride

or with a sulphonyl chloride is carriad out in the presence of-excess pyridine or triethylam.ne optionally

in the presence of 4-dimeihyiaminopyridine. end the reaction with sulphamide is effected at about

100 CC;

'

m
TO the palladium catalvst is tetrakis(triphenylphosphine)palladium(0), and the optionally substituted

phenyl or heterocydyi zincate derivative is obtained from the corresponding optionally subtituted

phenyl or heterocyciyllithium derivative and anhydrous zinc chloride; and

(ii) the heterocyclic is present in excess, and the base is anhydrous potassium carbonate.

A process as claimed in claim 2 wherein the 0-al!;yict:cn is effected using the pnproprM* alkyl chloride,

bromide or sulphonate, in the presence of potassium carbonate.

A process as claimed in any one of daims 1 to 5 wherein W ic H. methyl or*W
'

aikyi; R* is C.-C, alkyi optionally substituted with OH, NRW. CONR»R« or C0 2R<; acetyl opbonaHy

substituted with NR5R6
;
hydroxyethyi substituted with NR5R6

;
ethoxymethyl °Ptiona *

or NR5R6
; CH=CHCN; CH=CHCONRSRB ; CH=CHC0 2R'; C02H; CONRW; Br

.
NRW; N^NRW.

NHS02R*- or pyridyi cr imidazolyi either of which is optionally substituted with methyl; R* and R are eacn

independently H, methyl or ethyl, or together with the nitrogen atom to which they are attached form a

piperidino, morpholino, MNR*)-1-piperazinyl or imidazolyi group wherein said group -s opt.cnally^ubst
;

iuted with methyl or hydroxy; R7 is H or i-butyl; Wis methyl or CH aCH2CH 2NRW; and Pf ,c H f
rr.e.. v ..

benzyl, 2-hydroxyethyi or acetyl

A processu claimed in claim 6 wherein Ri is methyl; R* is n-propyl; R> is ethyl or

J
CHjNRW,

CH,OCHJCH,NR«R-. CH.OCH.CH, CH 2OCH 2CH2OH. .

COCH.NRW WOHWUKR.
o£

=CHCON (CH3), CH=CHC02R'. C02H, CONRW. Br. NHS0 2NR5Rs
,
^0^HfHfr^'

dyl. 1-imidazolyS or l-methyi-2-imidazolyl; R* and R« together with the nitrogen atom to wh.ch they are at-
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tached form a piperidino, 4-hydroxypiperidino, morpholino. 4-(NR9)-1-piperazinyl cr2-methyl-1-imidazolyl

group; R: is H or t-butyl; and R* is H. methyl, benzyl, 2-hydroxyethyl or acetyl.

A pro^ss as claimed in claim 7 wherein said compound of formula (I) produced is selected from:

5-[2-ethoxy-5-(1-methyl-2-imidazo!yl)phenyl>1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]

pyrimidin-7-one;

5-[2-ethoxy-5-(4-mrthyM-piperazinytcarbony1)p^^

lo[4,3-d]pyrimidin-7-one;

5-[5-(4-acetyl-1-piperazinyl)acetyl-2-ethoxyphenyll-1-methyl-3-n-propyI-1.6-dihydro-7H-pyra2olo

[4,3-d]pyrimidin-7-one; . .

5-(2-ethoxy-5-rrrorpholinc«cety{phenyl)-1^

a^d^mc^ flpyr-

imidin-7-one; and pharmaceutically acceptable salts thereof. . .
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